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PREFACE 



The grinding of duplicate machine parts eflSciently was 
impossible during the earlier stages of grinding practice, because 
only light machines and slow-cutting wheels were available; 
but this condition has been changed by the development of 
artificial abrasives, improved bonding processes, and powerful 
machines that make it possible to use the fast-cutting modern 
wheels eflfectively in the production of precision work. There- 
fore, successful grinding practice now depends mainly upon the 
way in which this high-grade equipment is used. The machine 
may be perfect and the wheel faultless as to cutting qualities, 
but to grind successfully, it is necessary to follow approved 
methods. 

Much has been published regarding the constructional features 
of different types and designs of grinding machines, but there 
has been a lack of definite information on modem grinding 
practice. This treatise deals almost exclusively with subjects 
of especial value to the user of grinding machines. The chapters 
on "Cylindrical Grinding," "Form Grinding," "Internal Grind- 
ing," "Surface Grinding," "Cylinder Grinding," "Crankshaft 
and Camshaft Grinding " and "Disk Grinding," all contain 
information that is fundamental and of practical value to the 
man in the shop. Throughout the book there are many typical 
examples which indicate what can be done, by showing what 
has been done. These examples are accompanied by data 
arranged in compact form and covering wheel and work speeds, 
grade and grain (tf wheels used, and other important points. 

Careful attention has been given to the subject of grinding 
wheel selection, and the tables accompanying this chapter list 
the grain and grade of wheels recommended by various wheel 
manufacturers for grinding different materials. While such 



VI PREFACE 

information must necessarily be general, it will often serve as a 
guide and enable efficient results to be obtained without needless 
experimenting. Various types of wheel-truing devices and 
j&xtures for holding work on different classes of machines are 
also described and illustrated in separate chapters. 

The aim has been to present useful information and to exclude 
unimportant details. It is not expected that the practice 
described will invariably meet with approval, since opinions 
differ greatly in regard to grinding methods. A special effort 
has been made, however, to present average practice, and to 
show exactly how various classes of work are groimd in different 
shops. 

The cooperation of various automobile, grinding machine and 
wheel manufacturers, in supplying illustrations and data, has 
greatly increased the value of this treatise. 

The Authors. 

New York, October , igis- 
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ADVANCED GRINDING PRACTICE 



CHAPTER I 
CTUNDRICAL GRINDING 

Grinding machines were originally used almost exclusively for 
truing tool steel parts which had been distorted by hardening, 
and they are still indispensable for work of this class. The great 
improvements which have been made, both in grinding machines 
and abrasive wheels, however, have resulted in the application of 
the grinding process to the finishing of a great many unhardened 
parts. In either case, the work, as a rule, is first reduced to 
nearly the required size by turning in some form of lathe, and 
then it is ground to the finished dimension. After a part has 
been hardened, grinding is the only practicable method of truing 
it. On the other hand, unhardened pieces can be finished by 
other means, but grinding is preferable for most cylindrical work, 
because it enables parts to be finished accurately to a given diam- 
eter in less time than would be required by any other known 
method. 

Several different types of grinding machines have been de- 
veloped for handling the various kinds of work to which the 
grinding process is applicable. The machines used for grinding 
cylindrical parts such as shafts, piston-rods, etc., are called 
cylindrical grinders, whereas the type used for grinding holes in 
bushings, gears, milling cutters, etc., are known as internal 
grinders. There are also surface grinders for finishing flat or 
plane surfaces, and, in addition, types that are specially designed 
for sharpening cutters, reamers, etc. As cylindrical grinders are 
the type most commonly used, they will be considered first. 

Principle of Cylindrical Grinding Process. — When grinding a 
cylindrical part, such as a rod or shaft, it is mounted between the 
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conical centers of the grinder (as shown by the diagrams, Fig. i), 
just as it would be placed between the centers of a lathe for 
turning; in fact, the same center holes upon which the shaft was 
rough-turned are used when grinding. The work is rotated 
rather slowly upon these centers c and C\ by a driving dog d, 
which engages a pin in the driver plate at the left, and the surface 
is ground cylindrical by a disk-shaped wheel g. This wheel 
rotates rapidly (a 14-inch wheel would run about 1600 revolutions 
per minute), and the grinding is done either by traversing the 




Fig. X. (A) DUgnm illustrating Method of Grinding by TraTersing 
Work Past Face of Grinding Wheel. (B) Grinding by Traversing the 
Wheel 

rotating part past the face of the wheel or by traversing the wheel 
along the work. Some cylindrical grinders operate in one way, 
and some the other. The diagram A illustrates the method of 
grinding by traversing the work, the reciprocating movement 
past the wheel-face being indicated by the full and dotted Knes, 
which show the position of the shaft at each end of the stroke. 
The revolving wheel g is fed inward a slight amount at each end 
of the work and the latter is accurately ground to the required 
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diameter. The wheel can be fed by hand or automatically, the 
latter method being generally employed, except when adjusting 
the wheel or starting a cut. The amount that the part being 
groimd moves endwise, while making one revolution, is always 
somewhat less than the full width of the grinding wheel-face, in 
order to secure a smooth surface free from ridges. This side 
traverse, as well as the rotative speed of the work, is varied to 
suit conditions. The operation of a machine having a traversing 
wheel is shown by diagram B. In this case, the work, instead of 
moving back and forth past the wheel, rotates in one position 
while the grinding wheel, which is mounted on a suitable carriage, 
moves from one end to the other, as indicated by the full and 
dotted lines. 

The grinding wheels are composed of innumerable grains of 
some hard abrasive material which is held together by an ad- 
hesive bond. These grains or cutters, as they might properly be 
called, have sharp comers or edges which cut away the metal as 
the work traverses past the wheel-face, or vice versa. The relative 
rotation of the wheel and the part being ground should always 
be as shown by the end view (diagram B), for cyUndrical grinding. 
As the arrows indicate, the grinding side of the wheel g moves 
downward, and that side of the work w being ground moves up- 
ward or in the opposite direction. 

A Cylindrical Grinding Machine. — From the foregoing, it 
will be seen that a cylindrical grinding machine must be arranged 
to rotate both the grinding wheel and work. In addition, either 
the work or the wheel must be traversed longitudinally. The 
wheel must also be fed in automatically for taking successive 
cuts, and provision must be made for varying the traversing 
movement and the rotative speed of the work to suit different 
conditions. The way these various movements and adjustments 
are obtained with the type of cylindrical grinder illustrated in 
Fig. 2 will be explained. It should be understood, however, that 
the mechanical details vary with grinders of different makes, 
although all cylindrical grinding machines operate on the same 
general principle. Other machines for cylindrical grinding will 
be referred to later. 
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The machine shown in Fig. 2 (^erates by traversing the work 
past the grinding wheel G, as illustrated by the diagram A , Fig. i . 
The grinding wheel is revolved by a belt that passes over a pulley 
at the side of the wheel and connects with an overhead counter* 
shaft. The table A, which moves back and forth when the 
machine is in operation, carries a headstock H and a footstock F 
in which conical centers C and Ci are inserted. When a cylindri- 
cal part such as a shaft or rod is to be ground, it is placed between 
these centers and is rotated upon them by a belt passing over 



pulley B and connecting with a long cylindrical drum, which 
forms part of the overhead works for driving the machine. This 
long drum is used instead of a narrow pulley, so that the belt can 
shift along as the table moves to and fro. 

The power for moving the table along the ways of the bed is 
obtained from a belt connecting with cone-pulley D which trans- 
mits motion to the table through suitable shafts and gearing 
located inside the bed. The traverse of the table and rotation 
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of the work-spindle can be started or stopped by lever E to the 
left. The wheel / to the right is used for moving the table by 
hand. When operating the table in this way, the knob in the 
center of this wheel is pushed inward, and when the table is to be 
traversed automatically, this knob is pulled out. The travel of 
the table or the length of its stroke is controlled by the position of 
the adjustable dogs / and Ji which operate the reversing lever K. 
Lever K connects with a clutch inside the base, and this clutch, 
through gearing, reverses the movement of the table whenever 
lever K is thrown to the right or left. The length of the stroke is 
changed by varying the distance between dogs /. These dogs 
slide upon a rack attached to the front of the table and are held 
in position by a spring-latch that engages the rack teeth. 

The usual method of grinding a cylindrical part is to rotate it 
on two "dead centers," both centers remaining stationary. The 
object of grinding work while it revolves on stationary centers is 
to secure accuracy, for then any slight error which may be in the 
spindle bearings is not reproduced in the work. If center C were 
rotated with the work, as in the case of a lathe, any eccentricity 
of the center would result in inaccurate grinding. Therefore, 
when grinding cylindrical parts on centers, the spindle is locked 
by a pin P which engages a hole in the flange of pulley N. Pulley 
J5, which rotates freely around the spindle, carries a driving dog 
and rotates the work. For some classes of grinding, as, for 
example, when grinding parts held in a chuck attached to the 
spindle, it is necessary to rotate the spindle. Lock-pin P is then 
withdrawn and a belt from the overhead driving drum is con- 
nected with pulley N. The upper part of the work-table can be 
set at an angle for taper grinding. 

The Automatic Cross Feed. — The grinding wheel can be 
moved to or from the woi;k by rotating handwheel L (Fig. 2), and 
it is fed inward automatically by the mechanism located just back 
of this wheel. This mechanism is so arranged that it can be set 
to stop the feed when the diameter has been ground to a pre- 
determined size. The way in which this automatic feed operates 
will be more clearly imderstood by referring to the detail drawing, 
Fig. 3. When the stroke dogs / strike lever K, thus reversing 
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the table movement, the lever G is also actuated, and it has a 
V-shaped end which engages roll A, and operates lever H and 
pawl P. If this pawl is in mesh with the ratchet wheel PF, the 
grinding wheel will be fed forward an amount depending upon the 
position of the screws F, which come against a surface on lever 
G, thus regulating the upward movement of lever H, and, con- 
sequently, the movement of the pawl at the end of each stroke. 
The automatic feed will continue at each reversal until the shield 
M (which is attached to head N) intercepts pawl P and prevents 




Fig. 3. Mechanism for Feeding Grinding Wheel Forward at Each 

Reversal of the Work 

it from engaging the ratchet wheel W. The feed then stops 
automatically. 

The amount that the grinding wheel moves inward, before the 
feed is automatically disengaged, depends upon the distance 
between the end of shield M and the tooth of pawl P. Each 
time the table reverses, this pawl rotates ratchet W one or more 
teeth, and this feeding movement continues until shield M moves 
aroimd and disengages the pawl, as previously mentioned. As a 
movement of one tooth represents a reduction in the diameter of 
the work of 0.00025 inch, the automatic feed can be set for grind- 
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ing very close to a given size by varying the distance between the 
disengaging shield and the pawl. The feed can be set to give the 
full amount at each end of the stroke, or any part of the full 
amount at either end, by adjusting the regulating screws F. The 
feed on this particular machine can be varied from 0.00025 inch 
to 0.004 inch at each reversal of the table. 

The automatic cross feed is a great advantage, especially when 
grinding a large nimiber of duplicate parts, as it prevents grinding 
them too small and makes it imnecessary for the operator to be 
continually measuring the diameter of the work. The automatic 
feed is also desirable because it moves the wheel inward an im- 
varying amount at each reversal. This regularity of the feeding 
movement increases the sizing power of the grinding wheel. In 
other words, the wheel maintains its size for a longer period and 
the wear is more uniform. Of course, all grinding operations are 
accompanied by more or less wheel wear which has to be com- 
pensated for, although the amoimt of wear is surprisingly small 
when the wheel and work rotate at the proper speeds. 

Use of Cooling Lubricant. — Another feature of the cylindrical 
grinder which should be referred to is the provision made for 
supplying cooling water to the wheel when grinding. At the 
point where the wheel is in contact with the work there is con- 
siderable heat generated; consequently, a cooling mediimi is very 
essential when grinding parts which revolve upon the centers, in 
order to maintain an even temperature. When water is not 
used, the part being ground tends to bend toward the wheel, owing 
to the higher degree of heat and expansion on the grinding side; 
in other words, its axis will be continually changing, and, obvi- 
ously, inaccuracy will be the result. The apparatus for supplying 
the water consists of a small pump of the fan type which operates 
in a tank at the rear. The water is conveyed to the grinding wheel 
through a hose and pipe O (see Fig. 2), and plays upon that part of 
the work being groimd at the contact point of the grinding wheel. 

Example of Cylindrical Grinding. — As an example of grinding, 
to illustrate, in a general way, the adjustment and use of the 
machine previously described and other machines of similar 
construction, suppose a rather short shaft is to be ground cylin- 
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drical and to a diameter somewhere between 2.050 and 2.0495 
inches, there being an allowable variation in size of 0.0005 inch. 
Before beginning to grind, a wheel should be selected that is 
suitable for the part to be ground. When grinding, the work 
must also be rotated at the proper speed, in order to minimize 
the wheel wear and secure a well-finished surface. The points to 
be considered when selecting the wheel and adjusting the work 
speed will be referred to later, in order to avoid confusion. We 
shall assiune that a wheel of the proper grade and grain has been 
moimted on the spindle of the grinder and that a machine similar 
to the one shown in Fig. 2 is to be used. We shall also assume 
that the work has been rough-turned in a lathe to within about 
o.oio inch of the required size. 

The footstock F is first set the required distance from head- 
stock H and then the work is placed between the centers with a 
driving dog attached to the headstock end, as illustrated in 
Fig. 4. The same center holes upon which the part was turned 
are also used when grinding, and they should be carefully cleaned 
before placing the shaft in the machine. The centers should also 
be oiled. When the shaft is in place, the reversing dogs / and /i 
are set to give the table the right length of stroke. The travel 
should be reversed when a small part of the wheel-face has passed 
the end of the piece being ground. If the stroke is too long, more 
time will be required for taking a cut than is necessary. 

As the part is to be ground cylindrical or straight, the swivel 
table A should be set to the zero position. It should be remem- 
bered that the graduations are only intended to give an approxi- 
mate setting, and when accuracy is required, it is necessary to 
test the work by using a micrometer or gage. 

Setting the Automatic Feed. — When starting a cut and setting 
the automatic feed, the grinding wheel is moved in by hand until 
it is almost in contact with the work. The stroke of the table is 
then stopped, and, with this particular machine, pawl P is placed 
into engagement with the ratchet wheel. The latch O (see Fig. 3) 
is then raised and the head N moved around the periphery of the 
ratchet wheel until the point of shield M has just passed the tooth 
occupied by the pawl, so that the latter rests upon the shield. 
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After the table stroke is again started, thumb-latch T is pressed 
until the grinding wheel begins to cut. When the surface is 
ground true, the table is stopped when the grinding wheel is at 
the footstock end, and the diameter of the part ground is meas- 
ured with a micrometer. The thumb-latch T of the automatic 
feed is then pressed once for each quarter of a thousandth to be 
removed. To illustrate, suppose the diameter, after the surface 
has been trued, is 2.057 inches. Then there would be 0.007 ^ch 
stock to remove (2.057 — 2.050 = 0.007); hence, the latch would 
be pressed twenty-eight times, thus moving shield M far enough 
away from the feed pawl to allow the latter to continue feeding 
until 0.007 ^ch has been ground away. 

When the feed has been set, the table traverse is again started 
and the grinding continued until the feed is disengaged. The 
wheel should then be stopped at the footstock end, as before, 
when the density of the sparks thrown off by the wheel have 
diminished somewhat and are about the same as for the final cut 
taken prior to the first measurement. If a suitable wheel has 
been used and the work rotated at the proper speed, the diameter 
should be very close to 2.050 inches, because, in this case, a 
comparatively small amount has been ground away, and, con- 
sequently, the wheel wear would be almost negligible. On the 
other hand, where it is necessary to remove considerable stock, 
the diameter of the work might be somewhat above the size for 
which the automatic feed was set, owing to the wear of the grind- 
ing wheel. After the amount of wheel wear for removing a given 
amount of stock is determined, the automatic feed can be set to 
compensate for this wear when grinding a duplicate part. 

While the automatic feed will enable parts to be ground to a 
given diameter within close limits, this diameter should, of course, 
always be measured either with a micrometer or by the use of a 
fixed gage. As previously intimated, the accuracy of the auto- 
matic feed, for grinding to the diameter for which it is set, de- 
pends upon the amount the wheel wears, and the wheel wear, in 
turn, is governed by the "grade " of the wheel and the relation 
between the surface speed of the work and the grinding wheel 
speed. 
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Roughing and Finishing Cuts. — The exact method of pro- 
cedure when grinding cylindrical parts often depends on the 
number of pieces to be groimd and their shape. A single shaft 
having a diameter of, say, 2 inches and a length of 12 inches, could 
be ground by simply placing it between the centers with a dog 
attached and proceeding as described in the foregoing. On the 
other hand, if the shaft were long and flexible, it would have to 
be supported by work-rests or steadyrests to prevent deflection 
and vibration; work-rests are an advantage in most cases, 
regardless of the diameter or length of the part to be ground. A 
single shaft might also be finished by taking a number of light 
cuts which would be, practically, a succession of finishing cuts, 
whereas a mrniber of pieces would be first "rough " ground and 
then finished. 

The difference between roughing and finishing in the grinder 
is as follows: For roughing, a fast side traversing movement is 
used that is almost equal to the face width of the wheel, and 
comparatively deep cuts are taken, whereas, for finishing, the 
depth of cut and usually the side feed are reduced, in order to 
obtain a fine, smooth finish. The rotative speed of the work is 
also changed for finishing; in some shops the speed is increased, 
whereas, in others, it is diminished. This variation in practice is 
due principally to the use of different grades of grinding wheels 
for the same class of work. 

The wear of a grinding wheel, as previously mentioned, de- 
pends very much on the surface spe^ of the work, the wear of a 
given wheel increasing as the work speed is increased; hence, 
assuming that a wheel of the right grain and grade is being used, 
the work speed for roughing should be so regulated that the wheel- 
face will be kept sharp and free cutting without excessive wear. 
In order to grind rapidly, it is the modem practice to use a coarse 
side feed of the wheel; that is, instead of feeding the wheel a 
distance equal to only f or } its width per revolution of the work, 
it is given a side feed that is only a little less than the full width 
of the wheel-face. This method of traversing the wheel is applied 
to the grinding of duplicate parts in connection with manufac- 
turing operations, rather than to fine tool-room work. Com- 
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paratively wide wheels are also used in modem manufacturing 
machines, so that a surface can be •ground rapidly. 

Suppose the work is rotated fast enough to give a surface speed 
of 25 feet per minute and the fastest side feed is engaged in order 
to determine by trial what combination will give the best results. 
When the wheel is brought into contact with the work, if it leaves 
coarse, spiral feed lines (as shown at -4, Fig. 5) having a greater 
pitch than the width of the wheel, the side feed should be re- 
duced until the wheel does not leave any unground surface. On 
the contrary, if the fastest side feed only moves the wheel laterally 




Fig. 5. (A) Wheel with Ezcessive Side Traverse or Feed. (B) Wheel 
Feeding Laterally a Fraction of its Width for Each Revolution of the 
Work 

a fraction of its full width (as indicated by the narrow feed lines 
at B), the work speed should doubtless be reduced until the side 
feed is nearly equal to the wheel width. Owing to the rapid side 
feed, the wheel will pass over the surface being ground in a com- 
paratively short time, and by using a rather slow work speed, the 
wear of the wheel is minimized. This method of grinding is 
employed when using large machines which have sufficient driving 
power to enable such broad cuts to be taken and are rigid enough 
to prevent excessive vibration. When a small light grinder is 
employed, it is not feasible to use wide wheels and take such wide 
cuts, owing to the lack of rigidity and driving power. The depth 
of the cut, or the amount that the wheel feeds inward at each 
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reversal, is also controlled by the power and rigidity of the 
machine used. 

The grinding wheel should never be used unless it runs true and 
has an even bearing on the surface of the work. Different 
methods of truing grinding wheels are described in Chapter VIII. 

Estimating Depth of Cut by Sparks. — The shower of sparks 
thrown off by the grinding wheel is a very convenient and sensi- 
tive indication of the depth of the cut, and, with a little practice, 
it is possible to gage the cut to within very close limits by this 
method. An interesting experiment was made to determine 
what the depth of a cut would be when the sparks were just 
visible. A hardened steel gage was ground very carefully, and, 
when taking the final cut, the work was traversed past the wheel 
imtil no sparks were visible. The exact diameter of the gage was 
then found by using a measuring machine, after which the gage 
was again placed in the grinder and the wheel was fed forward 
very slowly until sparks were just visible. The gage was then 
traversed past the wheel, as before, until all the sparks had dis- 
appeared. Then by again measuring the diameter, it was found 
that a reduction of o.ooooi inch had been made. One not ex- 
perienced in grinding machine operation should become familiar 
with the relation between the shower of sparks thrown off by the 
wheel and the depth of the cut. It is well for the inexp>erienced 
operator to note the density of the sparks when cuts of a known 
depth are being taken. With a little practice, one can judge the 
depth of a cut by this method with considerable accuracy. 

Different Methods of Cylindrical Grinding. — There are four 
general methods of applying the wheel to the work when grinding 
cylindrical parts; the first method, known as traverse grinding, 
was referred to in connection with Fig. i and is also illustrated 
by the diagrams shown at A and B in Fig. 6; the work or wheel 
is traversed by hand or power feed and the wheel is fed in auto- 
matically a certain distance at the end of every stroke. 

The second method, shown at C, is known as the fixed-wheel 
method. By this method, instead of feeding the wheel in at each 
traverse, it is fed in to the correct depth determined by a pre- 
viously set stop; two traverses are made over the work, one being 
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a roughing cut and the other a finishing. Parts are also ground 
by leaving the wheel slide "fixed," that is, instead of feeding the 
wheel in on the work each time a new piece is put between the 
centers, the wheel slide is not adjusted until truing of the wheel 
has reduced its diameter, necessitating resetting. 

The third method, shown at Z>, is known as the step-in method 
of grinding. By this method a comparatively wide face wheel, 
varying from 2 to 4 inches in width, is stepped-in along the work 
at intervals, the width of the wheel overlapping until the entire 
length to be ground has been covered. The wheel is fed in to 
within from 0.002 to 0.003 ^^ ^^ ^^ ^^ diameter, and then 
two rapid traverses are made over the work to complete it. 
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Itg. 6. Diagram Ulnstratiiic Different Methods of Applying Wheel 
to Work for Bxtemal Cylindrical Grinding 

The fourth and last method is known as straight-in or form 
grinding. This term indicates that the wheel and work remain 
stationary, as far as lateral adjustment is concerned, and the 
wheel is fed directly in against the work without any traversing 
motion. This method of grinding can be used both for the grind- 
ing of straight plain surfaces and irregular-shaped form surfaces. 
Each of these four methods of grinding has its advantages and 
limitations. 

Traverse Grinding. — Traverse grinding is recommended on 
long shafts, say over 2 feet in length, of comparatively small 
diameter; up to within the last few years this was the only 
recognized method of plain cylindrical grinding. When the work 
is short in proportion to its diameter, however, other methods of 
grinding, which will be described, often have certain advantages 
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over the traversing method. The traversing method, in addition 
to being used very extensively for grinding such parts as engine 
piston-rods, spindles, shafts, etc., is used ahnost exclusively on 
grinding machines of light construction and on light accurate 
work. There are two methods of feeding the wheel in against 
the work for traverse grinding; one is to feed the wheel in from 
about 0.0005 to o.ooi inch for every traverse of the wheel past the 
work, or the work past the wheel (depending on the type of 
machine used), and the other is to make two traverses of the 
wheel or work for each f eeding-in movement. In rough-grinding, 
the wheel is fed in a distance varying from 0.0015 to 0.003 ^^ ^^ 
each forward stroke, the spring in the material being depended 
upon to provide for a light cut on the return stroke. For 
finishing, the wheel is generally fed in about 0.0005 ^^^ ^^ every 
traverse of the wheel past the work, or the work past the wheel, 
and usually from one to two traverses are made at the finish with- 
out any in-feeding of the wheel at all. 

Fixed-wheel Method of Grinding. — The fixed-wheel method 
of grinding on many classes of work supersedes traverse grinding 
from a production standpoint; for example, short lengths of work 
(not shoulder shafts) such as bushings, etc., can be economically 
ground by this method. The practice is to start by feeding the 
wheel in and traversing over the work until the work has been 
groimd to the final size; then the position of the wheel is fixed, 
that is, it remains stationary as far as in-feeding is concerned, 
and for the next piece the wheel is fed straight across the work, 
taking a heavy cut; then it returns with a light cut, finishing the 
work to the required diameter. 

This method of grinding is hard, of course, on the comer of the 
wheel, and the general practice is to true the "feeding side" of 
the wheel to a slight angle. The extreme edge of the wheel is 
reduced about 0.030 inch in diameter and the face gradually 
tapered for about i to J inch. As following examples will show, 
this method of grinding is a highly productive one on classes of 
work for which it is adapted, but it could not be used with any 
degree of success on extremely long slender shafts because of the 
liability of chatter and springing of the work, even though it were 
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rigidly supported by steadyrests. It also has a tendency to wear 
the wheel down rapidly, and difficulty is sometimes experienced 
in getting a wheel that will not clog or glaze and will still be hard 
enough to grind several pieces without retruing or resetting of the 
wheel sUde. This method, however, is particularly adapted to 
the grinding of bronze and cast-iron bushings, and work of a 
similar character. As far as the allowance for grinding is con- 
cerned, less metal is left on the diameter of the work to be removed 
by the grinding wheel, when the fixed-wheel method of grinding 
is used, than when the regular traverse method is employed. 

Step-in Method of Grinding. — The step-in method of grind- 
ing, as previously explained, consists in stepping the wheel in at 
intervals along the surface of the work to within about o.ooi to 
0.003 inch of the finished size, and then making several rapid 
traverses — generally about two. This method can be used 
advantageously on comparatively long shafts that are either hard 
or soft when ground, but is of very little advantage on shoulder 
shafts or extremely long slender work. Some manufacturers are 
using this method for grinding parts that others are producing by 
the straight-in or form method. The step-in method can be used 
on comparatively light grinding machines that would not be 
suitable for form grinding; furthermore, wheels of comparatively 
narrow face as compared with those used for form grinding can 
be used. Generally, for step-in grinding, the wheel used is about 
2^ to 3 inches width of face, and about J to ^ inch overlapping of 
the wheel is allowed for successive wheel positions along the work. 
The comparative production figures of work ground by the regu- 
lar traverse method and that ground by stepping-in along the 
work show that the step-in method, from a production standpoint, 
is superior to the traverse method for certain classes of work. 
The illustrations which follow show several good examples of 
step-in grinding. These will serve to point out the classes of 
work on which this type of grinding can be used to advantage. 

Straight-in or Form Grinding. — Form or straight-in grinding 
is a comparatively recent development of the grinding art. To 
accomplish this work has necessitated the entire re-designing of 
grinding machines; considerable investigation into the subject 
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of grinding wheels being also necessary. This subject is at the 
present time such an extensive one that it has been treated 
separately in Chapter II. Form grinding has its limitations as 
well as its advantages. On work over lo inches in length, it 
cannot be used to advantage, and in fact on work of small diam- 
eter up to about 6 inches in length, it shows very little advantage, 
as far as production is concerned, over traverse grinding. In 
connection with the chapter on form grinding many examples 
are given that clearly show the advantages of this modem 
method of finishing machine parts. 

Allowances for External Cylindrical Grinding. — The amount 
of metal to leave on the diameter of a piece for finish by grinding 
is governed by several conditions, among which might be men- 
tioned: First, finish secmred in lathe-turning operation; second, 
condition of work when being groimd, whether hard or soft; 
third, shape of work, whether in the form of a solid shaft or in the 
form of a thin wall bushing; fourth, when casehardened, the 
depth to which the casehardening scale penetrates; fifth, length 
of portion ground in proportion to its diameter; sixth, shape of 
work, whether plain cylindrical or having a number of shoulders. 

The natxure of the lathe-turning operation preceding grinding 
has probably more to do with governing the allowance on the 
diameter for grinding than any other one factor. If the work is 
turned too dose to the finish size before grinding, it is evident 
that less material will have to be removed by the grinding wheel; 
but light cuts and fine feeds in turning are not always the most 
economical way of manufacturing any particular part. On the 
other hand, if too large an allowance is left for grinding, this also 
is not economical because a large amount of stock could be more 
economically removed by rough-turning. 

In general manufacturing practice, the part is rough-turned in 
the lathe, using a roimd-nose tool at a very coarse feed, of say 
tV ^^ tV ^^'^^ P^^ revolution of the work, thus leaving a rough 
ridged surface. By this method of turning, quite a large limit 
is allowed because of the coarse feed used, which increases the 
difficulty of measuring the smallest diameter turned, the measur- 
ing tool taking the reading on the tops of the ridges. 
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The amount of stock that can be removed economically by 
grinding also depends, to a certain extent, upon the size and 
power of the grinding machine used. Where a very powerful and 
rigid grinding machine is used, carrying a comparatively wide- 
face wheel, considerable stock can be removed by the grinding 
machine. For ordinary commercial grinding on shaft work, the 
work is generally reduced in the lathe to within somewhere be- 
tween ^j and ^ inch of the required diameter. When the diam- 

Table I. Allowances for External CyHndnctd Grinding 
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eter has been rough-turned to these dimensions, it is much more 
economical to remove the stock by grinding than by taking a light 
finishing cut in the lathe, provided, of course, that a grinding 
machine of sufficient power is available. Table I gives the allow- 
ance to be left on the diameters for grinding average work, but 
does not take into consideration special cases such as an extremely 
rough finish before grinding, hardened thin wall bushings that are 
liable to warp out of shape to a greater or less extent, or long shaft 
work that has been considerably sprung out of shape in hardening. 
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Of course, long hardened shaft work, as a rule, requires straight- 
ening previous to grinding, but it is difficult to anticipate what 
will happen when the hardened part is ground. The figures 
given in this table represent a fair average allowance used in a 
number of shops where parts to be ground are turned to specified 
sizes which are regulated by the use of snap gages. 

There are two distinct methods reconunended for roughing 
out the work previous to grinding: One is to carefully turn the 
work to within from o.oio to 0.015 inch of the finished size, and 
then finish by grinding; the other is to rough out the work 
quickly, taking light cuts (when the work is slender) with com- 
paratively coarse feeds and high work speeds, leaving about ^ 
inch to remove by grinding. As the tool "cuts a thread" or 
leaves a ridged surface on the work, only the high points have to 
be removed by the grinding wheel over and above the amount 
left for grinding when the work is turned smooth. There are 
advantages in both methods, depending on the class of work 
being machined. Where the work is large in diameter in pro- 
portion to its length and will stand heavy lathe cuts, the latter 
method can be used to advantage; but where the work is light 
or small in diameter in proportion to its length, the first mentioned 
practice is generally followed. 

The grinding allowance for parts which have to be hardened 
natiurally depends, to some extent, upon the shape of the part 
and the liability of distortion due to the hardening process. 
When parts are to be carburized or casehardened, it is important to 
finish them rather smoothly prior to hardening, so that the depth 
of the hardened case will be fairly uniform over the entire surface. 
The allowance should also be small enough so that the hard case 
will not be removed entirely by grinding or be reduced excessively. 
For some classes of work it is practicable to grind bar stock from 
the rough without any preliminary turning operation, although 
most work is first turned. When using a light grinder, the allow- 
ance for grinding must be comparatively small and is governed, 
more or less, in any case, by the size and character of the work as 
well as by the power and stock-removing capacity of the grinding 
machine. 
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Preparation of Work for Grinding. — Hardened parts that are 
to be ground may be so bent or distorted as to require straight- 
ening, but when this is done they are liable to resume the crooked 
form after considerable time has been spent in grinding. As a 
rule, this results from lack of care in preparing the steel previous 
to the machining operations. Steel, as it comes from the mill or 
forging machine, is likely to contain hidden strains that can only 
be released by reheating or annealing. If the annealing opera- 
tion is carefully handled, it is possible to remove these strains 
and put the steel in such a condition that warping in hardening 
is reduced to a minimum. 

Before a bar of tool steel, that is subsequently to be hardened, 
is turned preparatory to grinding, it should be carefully centered 
and straightened (if necessary) prior to turning, especially if the 
rough bar is not much larger in diameter than the size required. 
The bar in its roughened condition is decarbonized on the surface, 
as well as for a slight distance below it, and this material must be 
removed in order to make the piece harden evenly. It is pref- 
erable to straighten a bar after it has been heated; it can then be 
roughed out in the lathe and carefully annealed after the roughing 
cut has been taken. If the bar should be crooked after the second 
annealing operation, it should be again straightened while hot 
and another cut taken. As a rule, this leaves it in a satisfactory 
condition for grinding. 

In grinding shoulder shafts where the grinding machine is not 
provided with locating stops, it is generally advisable to "neck" 
the shaft at the shoulder or form a recess previous to grinding, if 
a sharp comer is required on the work; then the operator does 
not need to be as careful in bringing his wheel in to the shoulder 
as he would if no clearance space were provided. When shoulder 
shafts are to be hardened previous to grinding, however, it is 
advisable, where possible, to have the comer rounded, leaving a 
liberal fillet to prevent warping and water cracks developing. 
Another point that should be observed in the grinding of shoulder 
shafts is to have the center holes all of the same depth, in order 
that the stop for governing the location of the shoulders need not 
be changed for each shaft. It is necessary to give particular care 
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to the centers in the work, espedally when a large number of 
duplicate pieces are to be produced. 

When the shaft to be ground is provided with keyways, the 
best procedure is to first turn the shaft to the roughing size, then 
cut the necessary keyways, and do the grinding last. Work 
cannot be finished satisfactorily in the lathe with a keyway cut 
in it, and if the grinding is done after the keyway is cut, all 
objectionable burrs are removed and the work is finished without 
fiUng. In work that is hardened, the centers should be cleaned 
out and care taken to see that no burrs have been formed, or that 
they have been otherwise deformed. It is impossible to get true 
cylindrical work on a poor center. A good lubricant for grinding 
machine centers is a mixture of powdered red lead (oxide of lead) 
and lard oil. When using this lubricant, if the lead dries out, the 
centers do not cut but simply take on a high polish. 

Width of Grinding Wheel Face, — The width of face to use 
for a grinding wheel is governed largely by the work to be ground 
and to some extent by the machine to be used. In the first 
grinding machines, which were built for cylindrical grinding 
operations, narrow face wheels were used because the grinding 
machine was designed for finishing parts only, and, consequently, 
was lightly constructed. Wide face wheels could not be used 
on the machine because of the liability of chatter. from vibration, 
and wheels much wider than f inch were imcommon. In fact, 
a ^-inch wheel was at first the standard width for most work. 

Following closely on the improvements made in the design of 
grinding machines, the width of wheel-face was gradually in- 
creased for cylindrical grinding, until at the present time wheels 
as wide as 12 inches are used for some grinding operations. 
For traverse grinding, there are certain conditions that govern 
the width of the wheel. Referring to diagrams A and B in 
Fig. 7, a I -inch face wheel is shown taking a roughing and 
finishing cut, respectively. When rough-grinding, a traverse 
feed is used that will enable the bulk of the material to be quickly 
removed. In theory, this traverse feed is supposed to be about 
equal to the width of the wheel, that is, the wheel would be 
advanced an amoimt equal to its width at each revolution of the 
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work. In practice, however, this is very seldom used and a feed 
of from two-thirds to nearly the full width of the wheel per 
revolution of the work has been found to give the best results. 
In finish-grinding, the traverse feed of the wheel is somewhat 
reduced and is generally about one-third to one-quarter of the 
roughing feed. 

Two of the chief requirements, when grinding, are production 
and accuracy, either of which may be considered the more im- 
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Fig. 7. lUiutratioiis showiiu' ConditionB which goTem Width of 
Grinding Wheels for Bxtenud Cylindrical Grinding 

portant. Usually, production is the factor that is most sought; 
consequently, anything that tends to increase production is of 
value. One of the factors that assists in increasing production 
is increasing the width of the wheel-face. This, as shown at C 
in Fig. 7, enables greater traverse feeds to be taken, and where 
the machine is of sufficient power and rigidity, the wide face 
wheel is capable of greatly increasing production over a narrower 
face wheel. In other words, a greater number of pieces could be 
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turned out by the wheel shown at C than by that shown at A 
because of the possibility of increasing the traverse feed per 
revolution of the work. The most advanced practice, therefore, 
is to use a wide face wheel varying in width from about ij to 
4 inches (for traverse grinding) and a comparatively coarse feed 
and slow work speed. In this way, the excess material on the 
diameter of the work can be removed most economically. Of 
course, in using a wide face wheel, it is necessary that the work 
be properly supported, and for this reason a liberal use of back- 
rests is advisable. In many cases, the greater the number of 
back-rests used, the greater will be the accuracy and production. 

There are cases where the advantage of a wide face wheel is 
questionable. Take, for instance, a small slender shaft | inch 
diameter and 12 inches long (see Z?, Fig. 2) which has been 
hardened. On hardened work a harder bond wheel is used than 
for soft work, and, consequently, there is a slightiy greater 
pressure on the work when grinding it. For this reason it is 
sometimes advisable to reduce the width of the face of the wheel 
in order to reduce the wheel pressure. The practice with some 
manufacturers is to use an elastic wheel about J inch wide for 
both roughing and finishing cuts on work of this class, a wheel of 
softer bond being used for roughing than for finishing. The 
work must also be rigidly supported by back-rests, and light cuts 
with coarse traverse feeds and high work speeds are employed. 
There are cases, however, when a slender shaft can be ground 
with a comparatively wide face wheel, but this is recommended 
more for the grinding of soft work than for hardened work. 
Practice differs to some extent in the grinding of small slender 
shafts, depending on the condition of the work and the finish 
desired. On machine tool work, where a shaft is to be held to 
close limits, great care is exercised both in roughing and finishing, 
in order to get the desired results. 

In " straight-in" grinding still another condition is presented 
which governs the width of the face of the wheel, as shown at 
E in Fig. 7. In this case, the wheel must be of a width slightiy 
greater than the length of the portion to be ground, because it is 
fed straight in on the work without any lateral traverse. The 
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usual practice is to have the wheel anywhere from J to i inch 
wider than that portion of the work covered by it. 

In grinding the pins of crankshafts, by the method shown at 
F, the width of face of the wheel is governed by the distance 
between the webs of the crank. In this case, the whtel has to 
be fairly accurate as regards width, and usually is sligtitly less 
in width than the distance between the webs; the webs for this 
design of crankshaft are finished, previous to grinding, in a lathe. 
There are, of course, other conditions met with in cylindrical 
grinding that call for specified widths of wheel-faces, but those 
given in the foregoing cover general practice. 

Grinding Wheel and Work Speeds. — The peripheral or 
suriace speed of a grinding wheel is usually somewhere between 
5500 and 6000 feet per minute; speeds between 5000 and 6500 
feet per minute are commonly employed, and, in some cases, 
wheels of hard bond are operated at speeds as high as 8000 feet 
per minute, although such high speeds are not recommended for 
general work. Grinding wheels made from corundum, alundum, 
aloxite, or other aluminous abrasives are generally operated at 
about 6000 feet per minute, whereas wheels made from carbo- 
rundum, crystolon, carbolite, or wheels belonging to the carbide 
of silicon group are usually operated at about 5500 feet per 
minute. 

As the wheel diminishes in size, it appears to get softer, even 
though the peripheral speed remains constant. This increase 
in wear is due to the fact that the abrasive grains are in contact 
with the work oftener as the size is diminished, owing to the 
increased number of revolutions necessary for maintaining the 
same surface speed. Table II gives the speeds of grinding 
wheels of various diameters in revolutions per minute for obtain- 
ing peripheral or surface speeds ranging from 4000 to 8000 feet 
per minute. 

A wheel which is perfectly adapted to grinding a certain kind of 
material will not work satisfactorily if the relative surface speeds 
of the wheel and work are not approximately correct. The 
work speed aflfects the wear of the wheel, which, when excessive, 
also affects the finish of the surface being ground. The amount 
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of stock that the wheel removes for a given amount of wear can 
be increased or diminished by varying the work speed, the wheel 
wear being excessive when the speed is too high. This dose 
relation between the work speed and the wheel wear makes it 
possible to use a wheel which is somewhat harder than it should 
be for a given piece of work, by increasing the work speed, with 
the result that the grit is dislodged more easily, and, consequently, 
does not remain long enough to cause glazing, which would 

Table 11. Grinding Wheel Speeds 
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Otherwise take place; this practice, however, is not to be recom- 
mended imless it is not feasible to secure a wheel of the proper 
grade. 

As there are a number of factors, such as kind of material, 
finish desired, etc., which govern the proper work speed, it is 
impracticable to say just what this speed should be unless the 
conditions are known, and usually it is advisable to experiment 
somewhat' when beginning to grind a new class of work, in order 
to determine the correct speed. A surface speed of twenty-five 
feet per minute might be correct for grinding a certain piece of 
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steel, and not correct for another steel part having a dlflFerent 
carbon content. The finish of a ground surface, as previously 
stated, is also aflFected by the work speed. It is possible to 
grind a very rough or smooth surface by simply varying the 
speed, depth of cut, and side feed of wheel. The best method of 
ascertaining the proper speed for a given piece of work, and, 
incidentally, of determining the best wheel to use, is by experi- 
menting imtil the desired results are obtained. This does not 
necessarily mean that whenever a new piece of work is to be 
ground considerable time must be wasted, as the speed adjust- 
ments are easily made, and besides, experience will soon teach 
what combinations of speed will give the best results. 

As is well known by those who have had experience in cylin- 
drical grinding, it is difficult to lay down rules for determining 
the proper grade and grain of wheel, work speeds, and wheel 
speeds, because so many factors must be considered. As to the 
changes of speed made for the roughing and finishing cuts, some 
advise a reduction of speed for finishing, and others an increase 
in speed. This difference in the practice of various manufac- 
turers can be accounted for by the fact that wheels of different 
grades are often used for grinding the same kind of material and 
the grinding machines used also differ as to size and rigidity of 
design. In some shops, comparatively coarse wheels of fairly 
soft bond are employed, while in others, the wheels are harder 
and more compact. In the case of the coarser, and, in many 
cases, softer wheels, when the speed for roughing is regulated 
so as to keep the wheel-face sharp, it leaves a rather rough surface 
on the work. After rough-grinding, the wheel-face is trued by 
traversing a rather dull diamond tool slowly across it, using the 
slowest table traverse. In this way the wheel-face is not only 
trued but is made smooth; then the work speed is reduced for 
finishing with the same wheel, in order to secure a finish that 
could not be obtained with a higher speed. On the other hand, 
if a finer and more compact wheel were used, the speed should be 
increased considerably for the light finishing cut. 

Thus it will be seen that there are two methods of rough- and 
finish-grinding cylindrical work, one being to increase the work 
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speed for finishing and decrease the traverse feed, and the other, 
to decrease the work speed as well as the traverse feed. Both 
methods are used to advantage in grinding practice and the one 
to be employed may depend upon several conditions. Suppose 
a comparatively soft free-cutting wheel is used. For rough- 
grinding, the work speed would usually be about 25 feet per 
minute, and if this same wheel were used for finish-grinding, it 
would be necessary to reduce the work speed about 20 or 25 per 
cent to get the desired finish. If a harder and more compact 
wheel were used for finishing, the speed would be increased over 
that used for roughing. 

In modem grinding practice, when rough-grinding, it is gen- 
erally advisable to use a fairly coarse wheel of a soft enough grade 
to remain "sharp" and cut freely, and a comparatively slow 
work speed in conjimction with a coarse side feed of the wheel 
or work. This method can be used to the best advantage on 
machines that are heavily constructed and provided with suffi- 
cient driving power to enable these broad cuts to be taken 
without excessive vibration. With a light grinding machine, 
however, this coarse feed is not advisable, owing to the lack of 
rigidity and the low driving power, so that the question as to 
whether a high or low work speed for finishing is preferable, 
depends, in most cases, upon the wheel used and to a certain 
extent upon the machine that carries it, as well as the nature of 
the grinding operation. As a general rule, the harder the bond 
and finer the grain of the wheel used, the higher should be the 
work speed. 

A general idea of the work speeds ordinarily used for different 
grinding operations may be obtained from the specific examples 
which will be referred to later. The surface speeds for parts 
being ground may be divided into three general groups, each 
subject to considerable variation owing to different conditions. 
For heavy grinding operations, the speeds may vary from 15 
to 25 feet per minute, with a side traverse of from two- thirds to 
nearly the full width of the wheel per revolution of the work. 
In extreme cases, speeds as low as 5 feet per minute have been 
employed. When the speed is, say, 25 feet per minute, the 
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grinding is ordinarily done with a broad free-cutting wheel of 
comparatively soft bond, and the work speed is reduced about 
20 or 25 per cent, and the same wheel is used for the finishing 
cut. Prior to finishing, however, it is trued by slowly traversing 
a rather dull diamond across the face, as previously mentioned, 
thus forming a temporary finishing surface upon a coarse wheel. 
The rate of traverse is commonly reduced somewhat for the 
finishing cut. 

When using wheels of somewhat harder bond, the speeds for 
roughing often range from 25 to 30 feet per minute, and, for 
finishing, from 35 to 40 feet per minute, the rate of traverse 
varying from nearly two-thirds to full width of the wheel, except 
for finishing, when it is usually reduced an amount depending 
upon the finish or polish desired. In this case, the harder bond 
makes it possible to operate the work at a higher speed, although 
the grinding operation may not be as eflSdent as when grinding 
by the first method referred to. For some classes of grinding, 
the work speeds vary from 60 to 90 feet, and wheels of compara- 
tively hard bond and fine grain are used. For instance, the 
speeds may vary from 40 to 60 feet for roughing and from 60 to 
90 feet for finishing, with a side traverse of from one-fourth to 
one-half the wheel width per revolution of the work. These 
hard bonded wheels are conmionly used in connection with tool- 
room grinding and similar operations, especially when grinding 
comparatively small work. The wheels used are generally quite 
narrow as compared with the wheels usually employed when 
grinding by the slower work-speed method first referred to. For 
average work, the Brown & Sharpe Mfg. Co. recommends a 
surface speed for roughing varying from 25 to 65 feet, with an 
increase of from 10 to 20 feet per minute for finishing. For 
roughing cast iron, some authorities recommend a speed of about 
40 feet per minute, and, for finishing, a speed of 50 feet per 
minute. 

From the foregoing, it will be seen that the finishing speed 
must be varied in accordance with the kind of wheel used for 
grinding. When choosing a grinding wheel, if one too hard for 
the work is selected with the idea of reducing the wheel wear, 
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the corresponding reduction in the output may much more than 
offset the increased expense incurred by using a softer and more 
rapidly wearing wheel, because the latter cuts more rapidly. 
The wheel wear, however, should be considered, and, as it is 
dependent upon the work speed, the vibration of the work, and 
depth of cut, these should receive careful attention. 

The natiure of the material being ground also has a bearing 
upon the speed of the work, and, assuming that a satisfactory 
wheel for the work has been selected, the surface speed for the 
work can then be more easily determined. The work speeds 
for different materials given in Table HI are taken from general 
practice, and do not cover special conditions or take into con- 
sideration the diameter of the work, which also is a deciding 
factor in the selection of the proper work speed to use. Table 
IV gives the speed of the work in revolutions per minute for 
obtaining various surface speeds. 

Depth of Cut. — The depth of cut per traverse of the wheel or 
work varies from 0.0005 ^^ 0.003 inch. For roughing out, the 
depth of cut (on the radius of the work) varies from 0.0015 to 
0.003 inch, and for finishing, from 0.0005 to o.ooi inch, with a 
very light cut on the final traverse. The depth of cut bears an 
inverse ratio to the traverse speed and can be increased without 
any marked change of results, provided the side traverse is 
correspondingly decreased. 

When certain combinations of speed, feed, depth of cut, etc., 
have been found correct for a certain kind and size of material, 
it is advisable to record this information for future reference, for 
while such data may not always be applicable, owing to a differ- 
ence in the nature or form of the material, it will, in many 
instances, enable one to determine the most efficient speed and 
feed conditions in a comparatively short time. 

Methods of Preventing Chatter. — Chattering is generally 
attributed chiefly to vibration. It was not recognized, at first, 
that chatter marks were caused by the vibration of the work 
itself, but the fault was laid to vibration of the machine and the 
fdundation upon which it was placed. Considerable time and 
money was spent on foundations before the true cause of chatter 
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was ascertained. It is now generally recognized that practically 
all work that is ground will vibrate to a greater or less extent 
under the cut of the wheel, regardless of the machine in which it 
is ground. Chatter is usually caused by the work not being 
properly supported and by the use of incorrect work speeds. 
By selecting the correct work speed and properly supporting 
the work, it is possible to grind cylindrical parts round and 
smooth and produce accurate surfaces. 

Chatter in the work is sometimes attributed to imperfect 
gearing in the machine, where the machine is of the gear-driven 
type. As a rule, however, it will be found that the gearing is 
correct and the marks are caused by the vibration of the work. 
It is probable, in some cases, that the driving dog sets up vibra- 
tion, owing to the fact that there is torsion in the dog when a 
heavy cut is taken and when the work is not properly supported. 
Chatter marks usually take the form of small flats that appear 
on the surface of the work, and it is sometimes possible to locate 
the trouble from the appearance of these flats. They also 
assume, in some cases, a spiral form of coarse pitch, which 
generally indicates that the wheel is untrue or not of homogene- 
ous structiu*e. When they are of a fine pitch in spiral form, the 
cause is generally vibration of the wheel-spindle, which may be 
either too weak or loose in its bearings. Driving belts that are 
of imequal thickness may vibrate the wheel-spindle to such an 
extent as to cause chatter of the work. Another method to 
obviate chatter on large work is to provide the work with larger 
center holes so as to have as large a support as practicable on the 
centers. Chattering can sometimes be avoided by giving partic- 
ular attention to the relation of the wheel and the work speed, 
by having these speeds so adjusted that the wheel will not have 
a tendency to glaze, but will be free-cutting at all times. 

Chatter marks are likely to develop in the grinding of crank- 
shafts, or other work that is of irregular shape, or eccentric at 
various portions along its length. This is due to the eccentricity 
of the revolving mass throwing the work out of balance and 
causing vibration. One way to avoid this is to reduce the speed 
of the work, but the most satisfactory way is to balance the work 
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properly so as to reduce the vibration to a minimum. Assuming 
that the grinding machine is in perfect running condition, and 
that the wheel is perfectly balanced and properly dressed, if 
chatter marks develop it is a sure indication that the work is 
improperly supported. 

Steadyrests for Grinding. — Practically all parts that are 
ground on centers should be supported by suitable steadyrests 
or back-rests, as their use will not only obviate chattering, when 
properly applied, but permit taking deeper cuts with coarser feeds 
and also increase the "sizing power" of the wheel. When grind- 
ing long and slender parts, such supports are indispensable, and, 
even for work which is short and rigid, steadyrests are desirable 
to prevent vibration, which increases wheel wear and affects the 
quality of the groimd surface. These supports are fastened to 
the table of the machine and are equipped with shoes of hard 
wood or metal which bear against the piece being ground. The 
number of steadyrests used depends on the form and diameter of 
the work. According to a commonly accepted rule, the distance 
between each steadyrest should be from six to ten times the 
diameter of the part being ground. Some recommend the use of 
as many rests as can conveniently be fixed in position. 

Steadyrests are made in several different styles, and they may 
be divided into two general classes which differ in that one type 
is rigid and the other flexible. The rigid type gives a positive 
unyielding support, whereas the flexible steadyrest, as the name 
implies, can yield more or less, the supporting shoe being held 
against the work by springs. Most rigid steadyrests must be 
readjusted by hand as the diameter of the work is reduced by 
grinding, whereas the shoes of the flexible tjq^e adjust themselves 
automatically after being properly set. Then there is another 
form of steadyrest which has spring tension, but can be made 
rigid when desirable, and still another tjq^e is so designed that the 
sui)porting shoes are adjusted automatically, but the support is 
unyielding. 

There is a difference of opinion among grinding machine 
operators and manufacturers regarding the relative merits of the 
rigid steadyrest and the flexible or spring type. Some advise the 



34 



CYLINDRICAL GRINDING 



use of spring steadyrests for supporting light slender work, and 
the fixed or rigid form when grinding heavy stiff parts, whereas 
others advocate the use of rigid steadyrests for light as well as 
heavy work. It is also the practice in some sh<^s to use spring 
steadyrests almost exclusively. Satisfactory results can doubt- 
less be obtained with each type, imder favorable conditions. 
When the work is light and flexible, the sprir^ type is often used 
in preference to the fixed form. On the other hand, when a heavy 
rigid piece is being ground, solid unyielding steadyrests are 
conmionly employed to provide as solid a support as possible, in 
order to absorb vibration and prevent chattering. Practically 




all spring steadyrests are capable of being locked, so that they 
are rigid enough, in most cases, to be applied to both heavy and 
light work. 

There is a difference of opinion regarding the subject of steady- 
rests, not only as to the best type to employ, but also as to the 
advisabiUty of using them under different conditions. Some 
have contended, that, while they are necessary in the case of long 
slender work, they are not required when grinding shorter and 
comparatively stiff pieces. At the present time, however, it is 
quite generally recognized that the use of a back-rest is an ad- 
vantage in practically all cases, especially in connection with 
commercial grinding, when accuracy combined with the maximum 
output is desired. Some grinding machine operators dispense 
with steadyrests when the work is not very long, and when one 
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or two pieces need to be ground, but even in such cases it is 
doubtful whether it pays to do without them. The present 
tendency is to use steadyrests quite liberally. 

Spring Steadyrest of Plain Type. — One of the simplest types 
of steadyrests is shown in Fig. 8. This is called a plain steady- 
rest and is only used where the work can be more conveniently 
ground with a sUght additional support. It is not universally 
adjustable and consequently its range is limited. In steadyrests 
of this kind, shoes of both metal and wood are used; for hard- 




ened work, as a rule, shoes made from bronze are found to give 
the best results. The shoes are shaped to suit the work, and, 
usually, instead of having a bevel as shown, the surface is curved 
to fit the diameter of the work being ground. When only a few 
pieces of one size are being turned out, however, the shoes for 
steadyrests of this type are generally made from wood because 
they can be more easily made and fitted than metal shoes. 

Universal Steadyrest. — A steadyrest of the universal type, 
adapted for use on the No. i Brown & Sharpe universal grinding 
machine, is shown in Fig. 9. This steadyrest is universal in all 
its movements and capable of very delicate adjustment. The 
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solid shoe used in this rest is generally made of bronze and a 
different size is required for each variation in diameter of the 
work. This type of rest is particularly adapted to work requiring 
a high degree of accuracy, and especially for shafts that are key- 
seated or under i inch in diameter. Its use is recommended 
where a large volume of work of one diameter is to be done. The 
same steadyrest, however, with adjustable shoes (see Fig. 9) can 
be used when there is considerable variation in diameter. 

The method of operating this steadyrest is as follows: First, 
select a shoe of the size of the work being ground and hook the 
tnmnion a in the V-support b. Then turn screw c back far 
enough to allow the shoe to clear the work and loosen the nut d 
to relieve the pressure on spring e. Then turn back screw /. 
Next turn screw g forward until a light pressure is given to spring 
h. Screw c should now be turned forward, and, if spring e is 
wholly relieved and screw/ is back far enough, the shoe will come 
in contact with the work at both points A and B, A slight 
pressiu*e should now be exerted on trunnion i to hold the shoe in 
contact with the work, and screw/ should be carefully tightened, 
noting the slightest touch of the end of the screw against the 
stop, so that none of the parts will be moved. With this screw 
still in contact with the stop, the shoe should bear equally at both 
points A and B. Nut d should then be tightened to increase the 
pressure on spring e. The combined pressure on springs e and h 
should be just sufficient to resist the pressure of the wheel when 
taking the last cut on the work and to prevent vibration of the 
work \mder any cut that it may be desired to take. After the 
proper adjustments have been made, clamping screw/ should be 
tightened, to prevent screw c from loosening. 

The next step is to grind a trial piece of work; at this time 
screw c is moved to maintain the contact of the shoe with the 
work, and screw/ is adjusted to preserve the relative diameters 
at the various points. As the work approaches the finished size, 
it should be measured after each cut, where the different steady- 
rests make contact with it. After the trial piece is finished with 
the diameters alike at all points, the shoe should bear equally at 
points A and B and the sliding nut k should rest against the 
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shoulder. The parts should now be left in this relation and 
another piece of work ground, adjusting the screw c only as the 
shoe wears and screw/ for slight changes of the diameter. The 
effect of this adjustment should be noted on the work by the 
sparks from the wheel. When short stiff pieces are being ground, 
the cylindrical form is obtained from the machine centers, but 
when the work is long and flexible, the control of the centers is 
limited and they only steady the ends; consequently, in order to 
grind a slender shaft or rod cylindrical from one end to the other, 
it is necessary to rely on the adjustment of the work-rests. 

With the various screws properly adjusted, the springs of this 
steadyrest cannot push the work beyond the required size. 
When the work is finished to size, nut k and screw / should rest 
against the shoulder and stop, respectively, so that further 
pressure of the springs is impossible. The shoe and wheel will' 
then be left in the proper position for sizing duplicate pieces. It 
is necessary, however, to get the relative pressures of springs e 
and h correct. When unground work is placed on the centers of 
the machine and in the shoe bearings, the nut k and screw/ will 
be forced away from the shoulder and stop, thus compressing the 
springs e and h. Should the shoe bear unequally at points A and 
B, tighten screw d to increase the pressure at -4, and screw g to 
increase the pressure at B, The combined pressure of springs e 
and A, however, should not be greater than is necessary to support 
the work, as long, slender work, although of uniform diameter, 
may not be straight when released from the shoes unless some 
allowance is made for the elasticity of the material. When ad- 
justable bronze shoes are used to support pieces of various diam- 
eters, first loosen the screw which clamps the lower bearing shoe, 
and adjust it until the work bears centrally on both shoe surfaces, 
then retighten the set-screw. 

Rigid or Solid Type of Steadyrests. — The steadyrest shown 
in Fig. 10 is known as the rigid or solid type and is used wherever 
possible on Norton 6-inch and lo-inch machines. It is particu- 
larly adapted for carrying hardened and groxmd work-shoes and 
is used especially where exact duplication of work is required, say, 
to limits of 0.0005 ^^- F^^ ^^ 6-inch machine, this steadyrest 
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has a range of from } to sj inches in diameter, and for the lo-inch 
machine from i to 4 inches in diameter. Hardened work-shoes 
arc used only when the work is standard, that is, where a number 
of pieces of the same size are being made, but for jobbing work, 
wooden shoes are used in place of the hardened ones. 

In applying the solid type of steadyrest, the shoe should be 
brought up firmly against the work while in the rough, whether 
the 'work be out of round or not. Grinding machine operators, 
as a rule, hesitate to do this because they see the shaft sprung out 
of line and wabbling back and forth. The irregularity of contour, 
however, which causes displacement, does not appreciably affect 




the final accuracy of the ground part. The reason for this is, 
that, as the roughness is removed, the lateral displacement be- 
comes less and less, and finally disappears altogether when the 
work is true. Then the steadyrests that support the work longi- 
tudinally may be adjusted for the finish-grinding. 

The method of applying and operating the steadyrest is as 
follows; The adjustable support A can be raised, lowered, or 
moved longitudinally, and the body B is quickly clamped on the 
machine with damps C and thumb-nut D. The cover E is held 
in place by a thumb-screw F, and, when this screw is released, can 
be swung on a pivot to permit the removal of the adjustable sup- 
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port A . The work-shoe is hardened and ground to size, this shoe 
being quickly put in place or removed from the holder G by means 
of a screw H. It has a bearing in the holder on three points, thus 
insuring rigidity. 

The vertical adjustment of the shoe is secured through knob 7 
and the horizontal or back-and-forth adjustment through screw 
J. The roll K moves freely on the level surface of the work- 
table and allows free horizontal motion of work that is not true 
and straight before grinding. The knob L is used to clamp the 
screw J when necessary. The adjustable stop M is threaded 
onto the screw / and allows free motion until the correct size is 




obtained on the first of a number of duplicate pieces that are to 
be ground. Then stop M is made fast to the screw / by damping 
screw N. The screw / can then be turned back to allow an 
unground piece of work to be placed on the centers and ground. 
This screw is then adjusted from time to time as the grinding 
proceeds until the stop-screw is reached, which limits further 
motion of the work supports and gives accurate duplication of 
work; the stop-screw (not shown) in stop M also allows delicate 
adjustment for the exact size of work to be obtained. Stop-screw 
O serves the same purpose for the vertical adjustment of the rest, 
coming in contact with stop P. The clamping screw R fastens 
the stop firmly to the shoulder on knob 7. Wooden work-shoes 
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can be used in this steadyrest, instead of hardened shoes, where 
only a small number of pieces are to be ground. 

The steadyrest shown in Fig, 1 1 is also of the fixed or solid type 
and is used on Norton 14-, iS-, and 30-inch machines, each rest 
being supplied with a set of four hard wooden blocks, two on the 
horizontal support and two on the angular or vertical supports. 
This steadyrest is fastened to the machine in the same manner as 




that shown in Fig. 10, but the method of adjusting the supporting 
shoes is somewhat different. In this case the horizontal supports 
are not adjustable up or down from the center of the work, but 
can be adjusted horizontally, and are held in place by means of a 
toe clamp. The position of the vertical shoes is controlled by 
the screw A provided with a locking nut B. The angle on the 
lower shoe is changed for different diameters of work, as will be 
described later in connection with different types of work-shoes. 
This type of steadyrest is also provided with shoes made from 
different materials. For large-diameter work, the lower shoes 
are made of cast iron instead of wood. This type of steadyrest 
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is never used to support work of a long slender nature, but is used 
chiefly for supporting parts of large diameter, the wooden shoes 
being used for work up to about 4 inches in diameter and the 
iron shoes for larger diameters, up to the full capacity of the 
machine. 

The steadyrest shown in Fig. 12 is also of the fixed or stationary 
type, but is constructed somewhat diflferently from those just 
described. This steadyrest is adapted to the Landis plain and 
imiversal grinding machines, and the two work-supporting shoes 
are operated independently. The horizontal shoe is carried in a 
plunger that is kept outward by means of a spring B and is 
backed up by an adjusting screw C. The tension of the spring 
is adjusted by means of screw D, Plunger E can be clamped 
rigidly in any position by means of the clamping screw F. The 
lower work-shoe support G is actuated by the adjusting screw H, 
which is operated to keep the work-shoe in contact with the work 
as the diameter of the latter is reduced by the grinding wheel. 
Where hardened work or large quantities of any particular part 
are being ground, the wooden blocks can be replaced by bronze 
or hardened steel blocks, depending on the number of pieces to 
be turned out. 

The spring with which the horizontal support is equipped is 
used only in the case of grinding light deUcate work, and then the 
support is only controlled by the spring until the work has been 
trued up; after this the support is held rigid by the adjustable 
screw. When using the spring, it is adjusted with sufficient 
tension to give a light support to the work, and, at the same time, 
follow the work if it runs out of true without springing it out of 
line. Usually (according to the practice of the Landis Tool 
Co.), when using the spring support, the work is spotted or ground 
true just at the point of support by feeding the wheel directly in 
without any traversing movement. After this the rest-jaw is 
brought up against the work rigidly by the independent adjust- 
able screw for this purpose. The spring tension is controlled 
entirely independent from the rigid screw adjustment. 

Combination Plain and Rigid Steadyrest. — Fig. 13 shows a 
combination plain and rigid steadyrest that is applied to the 
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Brown & Sharpe plain grinding machines. This rest is eE^edally 
adapted for supporting lai^ heavy work. The upper member 
of the steadyrest is similar to the one shown in Fig. 9, and the 
horizontal shoe A is operated In a similar manner. The lower 
steadyrest shoe is operated by means of plunger screw 5 in the 
manner shown more clearly in the sectional view to the right. 
Here it will be seen that screw B draws a tapered block C back 
and forth in a slot in screw D. Screw D also serves as a pivot 
upon which adjustable shoe E can be used for elevating above the 
range obtained with the adjustable wedge. As the diameter of 
the work is reduced, knob F is adjusted, the other support being 
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taken care of by the spring or self-adjusting member of the steady- 
rest. Diflferent types of shoes are provided with this steadyrest, 
as shown at H and /; the one at H is for comparatively small- 
diameter work, whereas the form at / is adapted to large-diameter 
work. 

Steadyrest having Automatic Adjustment — The steadyrest 
shown in Fig. 14, which is adapted to the Pratt & Whitney plain 
grinding machine, is of such construction that the work-shoe 
automatically follows up and supports the work as the grinding 



STEADYRESTS 



43 



progresses. The proper relation between the work and shoe is 
maintained by the downward movement of the lever A which 
raises the shoe-holder D and the shoe as the work is reduced in 
diameter. This downward movement of lever A causes roll B 
to advance along its path which has sufhdent inclination to 
permit the back pressure to be taken by the roll without slipping. 
The pressure is governed by adjustable weights on lever A which 
are held in place by thumb-screws. When the work has been 




Fig. 14. Pratt & Whitney Steadyrest having Automatic Adjustment 
to compensate for Diameter Reduction of Ground Part 

reduced to the required diameter, the shoe is withdrawn by 
returning roll B to its original position and raising lever A to its 
upper position, where it is held by catch C. Both radial and 
vertical adjustments are provided by means of adjusting screws, 
and the bracket can be removed from the table by a slight inward 
pressure on the eccentric binding clamp. 

Follow T3T)e of Steadyrest. — The follow type of steady- 
rest remains directiy in front of the grinding wheel and 
supports the work as it is traversed past it. The bracket, in 
which the steadyrest shoe is supported, is clamped to the wheel 
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slide, and, consequently, has no movement relative to the wheel. 
The work-shoe is generally made with a concave or V-face to suit 
the work and the pressure of the shoe is directed to hold the work 
up to the wheel. This shoe is adjustable by means of a screw 
and is not spring-controlled. This type of steadyrest can be 
used to advantage for grinding long slender work which must be 
brought to accurate dimensions. 

Use and Location of Steadjrrests. — Practically all grinding 
authorities agree on the fact that the more steadyrests used the 
greater will be the production; also, that there is rarely a case 
where the work can be ground to good advantage without the use 
of steadyrests. While this may be true as a general statement, 
grinding machine operators have not always followed the advice 
given, and, in many cases, only use steadyrests where they cannot 
possibly do without them. When grinding short rigid parts as, 
for example, a pin which is i| inch in diameter by 4 inches long, 
it is doubtful if much would be gained by using a steadyrest, but 
where the work is, say, 3 feet long and i inch in diameter, it would 
be practically impossible to grind it straight and true without a 
steadyrest; therefore, the number of steadyrests to use depends 
largely on the diameter and length of the work. No hard and 
fast rule can be laid down for the number of steadyrests to be 
used on any particular part, because this depends largely on the 
shape, diameter, and length of the work. Usually, however, 
steadyrests are located about 6 inches apart on work about i inch 
in diameter; the greater the diameter, the less the number of 
steadyrests and the greater the distances between them. 

Table V gives the spacing of steadyrests as recommended by 
the Landis Tool Co. for work varying in diameter from § inch to 
12 inches and in length from 6 inches to 84 inches. This table 
applies particularly to straight plain work. In the case of such 
pieces as armature shafts and similar work, where there are a 
number of sizes or diameters on the same piece, the piece is more 
rigid in the center on accoimt of having a larger diameter at this 
point, so that the spacing of the steadyrests is dependent largely 
on the judgment of the operator. For instance, in case the piece 
should be of a certain length and certain size at the ends and much 
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larger in the center, it might be suffidently rigid to make the use 
of a steadyrest unnecessary, although the efficiency of the grind- 
ing operation can be increased in practically all cases, by the 
application of suitable supports. If the work were of the same 
diameter along its entire length, it probably would be necessary 
to use one or several steadyrests, in order to support it rigidly. 
In general, the nimiber of steadyrests to be used should be 
governed largely by the smallest diameter of the work being 
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ground, especially if the smallest diameter is located next to 
either the headstock or tailstock centers. Of course, the point 
on which the grinding is being done also has a considerable bear- 
ing on the position and number of steadyrests used. In the 
following examples of plain cylindrical traverse grinding, the 
steadyrests used on each job have been indicated, and from this it 
will be possible to draw conclusions as to where steadyrests should 
be used and the number required for various classes of work. 
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Steadyrest Work-slioes. — The work-shoes used in steadyrests 
are made from hardened steel, cast iroD, bronze, and various 
kinds of wood. Each material has some particular advantage 
on cert£un classes of work, and in the following some of the 
principal uses for the different types of work-shoes will be re- 
ferred to briefly. At ^4 in Fig. 15 is shown the simplest type of 
shoe, where only one is used. As a rule, this shoe is made from 
wood — generally hard maple or hickory. When the work is 
comparatively heavy, however, a wooden shoe is not recom- 




mended, but, as a rule, soft metal shoes are used instead. A 
wooden shoe,'of course, has the advantage of being more readily 
adapted to the work than a metal one, and, where only a few 
pieces are being ground, a wooden shoe is recommended. 

At B is shown another application of steadyrest shoes in which 
two shoes made from hard wood (either maple or hickory) are 
used. The best form of shoe for cylindrical grinding is that 
which forms two segments of an arc and covers about half the 
circumference of the work to be ground. Wood is the best 
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material for a shoe of this kind; first, because of its cheapness, 
and, second, because of the facility with which it can be adapted 
to conform to the shape of the work. Shoes of the type shown 
at B should have two movements — one horizontal and one 
vertical. The amount of bearing surface of the shoe on the work 
should never be less in width than any slot or keyway that is in 
the work. In applying the shoes to the work, the lower shoe 
should be placed as near the wheel as possible, and the upper one 
on the center-line, as shown in the illustration. 

Still another application of wooden shoes is shown at C. 
These shoes are for use in the rigid type of steadyrest and the 
angle is changed according to the diameter of the work, as given 
in the following table. Hard maple shoes are used for supporting 
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work from i inch up to 4 inches in diameter, but on work larger 
than this and up to 8 inches in diameter, the lower shoe is usually 
made of bronze and is held in a special cast-iron holder b, as shown 

atZ?. 

Another type of work-holding shoe, which is used in the solid 
type of steadyrest, is shown at £; it is made from steel, hardened 
and ground to size. This shoe is quickly put in place or removed 
from the holder and is clamped by a screw. It is recommended 
for use on duplicate work, where a large number of pieces of one 
diameter are to be ground, and is of particular advantage on 
hardened work. 

A shoe differing but slightly in construction from that shown at 
E is illustrated at F. This type of shoe is used in the production 
of small-diameter work on large size machines. It is made from 
a hardened and ground steel and is applied to the work as shown 
in the illustration. This type of shoe is also recommended for 



48 CYLINDRICAL GRINDING 

hardened work and for supporting parts that must be turned out 
in large quantities. 

Still another type of shoe is shown at G. This shoe is gener- 
ally adapted for a spring steadyrest; it is made from bronze, and 
a different size shoe has to be provided for each variation in the 
diameter of the work. It is partictdarly adapted for parts 
requiring a fine degree of accuracy and for shafts that are key- 
seated, and, in fact, for all work under i inch in diameter. Its 
use is strongly recommended where a large number of pieces of 
one diameter are to be ground. 

The shoes shown at H are generally used in a spring type of 
steadyrest and are known as the adjustable type. The lower shoe 
c is adjustable along the bar d to accommodate various diameters 
of work. These shoes are made from bronze and are used where 
only a small number of pieces of one size are to be turned out. 

On work of large diameter, where the ordinary spring rest is 
not sufficiently rigid to support it, the application of work-shoes 
as shown at / is recommended. In this illustration it will be 
noticed that two shoes are used to support the work against the 
thrust of the wheel. The horizontal shoe can, if necessary, be 
spring-operated or rigid, whereas the entire weight of the work 
is supported on an adjustable solid shoe, mounted in a holder and 
capable of adjustment in an inclined plane. In this way a great 
part of the weight of the work is taken off the centers of the 
machine and carried by the lower shoe, the other shoe addition- 
ally supporting the work against the thrust of the wheel and 
eliminating chatter and vibration. 

As previously mentioned, the type of work-shoes used depends 
largely on the requirements of the work, its diameter, and the 
number of pieces turned out. When only a few pieces of a 
certain size are to be turned out, wooden shoes made from either 
hickory or hard maple are recommended. When a large number 
of pieces of small diameter are being made, the shoes illustrated 
at £, F, and G are recommended. Where large-diameter work is 
to be handled, the shoes illustrated at D and / are recommended. 

Spotting for Steadyrests. — Before adjusting the rests, it is the 
practice, in some shops, to grind true "spots" for each of the 
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supporting shoes preparatory to grinding certain classes of work, 
although this practice is not followed generally. In order to 
**spot" the work, the rests are -first placed in their respective 
positions, and then the machine table is moved by hand until one 
of the rests is opposite the grinding wheel. The work is next 
"spotted" or trued by feeding the wheel in against the revolving 
work while the table remains stationary. The diameter of the 
surface ground in this way should be within, say, 0.002 inch of 
the finished size, although a larger allowance may be needed in 
certain cases. This "spotting" operation is repeated by suc- 
cessively placing each work-rest in front of the grinding wheel and 
proceeding as described. 

When spotting a very flexible shaft, it is well to first grind a 
spot for the work-rest nearest the footstock, and then place this 
rest in position. The rest nearest the headstock is then located 
in the same manner and in this way a support is provided for the 
work while spotting for the rests in the center of the shaft. The 
practice of grinding spots is not to be recommended for ordinary 
work, and, in many shops, parts are never "spotted" prior to 
grinding, even when they are groimd from the rough. When a 
part is of irregular form, if it is supported by rigid steadyrests 
and without spotting, the inequalities will gradually be reduced 
by the grinding wheel. 

Lubricants for Cylindrical Grinding. — The problem of finding 
a suitable lubricant to carry off the heat is probably more im- 
portant in grinding than in any other metal-cutting operation. 
The heat generated by the friction of the wheel on the work does 
not appreciably affect the wheel, but it distorts and injures the 
work, especially when it is hardened. The most common cooling 
medium used for grinding is plain water with enough sal-soda 
added to it to prevent rusting of the machine. Just enough sal- 
soda should be used in the water to show on the machine and the 
finished work when dry. 

Grinding on a small variety of work in the tool-room is some- 
times done dry, but for manufacturing grinding operations, dry 
grinding is not recommended. Work that will grind smooth with 
water or other cutting lubricants will often be subject to minute 
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vibrations when grinding dry. There is apparently a rapid 
fluctuation of temperature which causes the work to recede from 
and approach toward the wheel very rapidly, thus leaving a 
mottled or rough sxirface. In order to obtain smooth and ac- 
curate work, the water shotdd run upon the work smoothly and 
not fluctuate. A fluctuating supply will sometimes cause varia- 
tion in the cut of the wheel, tending to mar the work, and will, as 
a rule, show a change of sparks. 

In order to reduce the temperature of the work and maintain 
a uniform temperature while grinding, as well as to keep the 
wheel clean, various cutting compoimds have been produced. 
The aim in view, of course, is to get some liquid which will have 
the maximum cooling effect on the work, and, at the same time, 
will not rust or gum the machine or mar the surface of the work. 
"Aquadag" is one of the conrnierdal compoimds used for grind- 
ing. A No. lo jar of "Aquadag" is mixed with ten gallons of 
water; then J poimd of borax or sal-soda is added to prevent 
rusting. This lubricant should be applied to the work in the 
same manner as soda water. 

The grinding of aluminum has always given more or less 
trouble, because, as soon as the work begins to heat, the chips 
cut out by the wheel do not free themselves, but clog the wheel 
and the wheel glazes rapidly, producing an unsatisfactory groimd 
surface. Various lubricating compoimds have been used for 
grinding aluminum; a lubricant composed of equal parts of light 
spindle oil and kerosene has been found to give satisfactory 
results. On one particular job of grinding, which was a small 
spindle made from cast macadamite, practically every cutting 
lubricant on the market, including soap, soda, and water, were 
tried without securing satisfactory results. The operator acci- 
dentally dropped some spindle oil on the work, while oiling up 
the machine, and this part showed a better finish after grinding 
than any other part of the work. A mixture of spindle oil and 
kerosene was then used, and the results were all that could be 
desired. 

For form grinding, the Ford Motor Co. uses soap, sal-soda, 
lard oil, and water. This is made up in the following order: 
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First, a mbtture of soap and lard oil of equal parts is boiled. 
While this is still hot, fifteen parts of water are added. The 
water, previous to being put in the soap and lard oil solution, is 
prepared with fifteen parts of water to one of sal-soda, and this 
proportion is varied according to the work upon which the lubri- 
cant is to be used. For form grinding vanadium steel drop- 
forgings, a mixture of fifteen parts of water to one of sal-soda is 
generally used. . 

The character and shape of the work has a considerable bearing 
on the cutting lubricant used. For instance, shoulder shafts 
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which are not provided with recesses at the shoulders require 
a very thin lubricant. The reason for this is that the heavier 
lubricants collect in a mass at the shoulders and thus make it 
difficult for the operator to see when the wheel reaches the shoul- 
der. For work of this character, a solution of sal-soda and water 
has been found most satisfactory. 

Shape and Action of Water Nozzles. — The application of 
water or other cooling mediums to the work when grinding is a 
matter that does not always receive the attention that it deserves. 
In rapid production work, in which the same care cannot be 
exercised as in tool-room grinding, it is necessary that every 
provi^on be made for eliminating those factors which tend to 
produce poor work. One of these factors is improper cooling. 
The first nozzles used in connection with imiversal grinding 
machines were small spouts held in a frame into which the water 
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was conveyed by means of a pipe. These spouts discharged a 
very small stream of water onto the work which assisted some- 
what in preventing excessive heating. With the wheels used at 
that time, the amount of water required was not very great, so 
that very little trouble was experienced in the nozzle arrange- 
ment. 

Following the use of increased widths of grinding wheels, the 
problem of keeping the work cool became more difficult. The 
diagram. Fig. i6, shows some of the different types of water 
nozzles used. At A is shown a plain pipe nozzle; the position 
of this nozzle has been reversed, so that it works unsatisfactorily 
and has a tendency to splash the operator. The reason for this, 
is, that the water clings to the long side, so that it is thrown 
away from the wheel. 

The proper way of placing a nozzle of the type shown at A is 
shown at 5. In this case it will be noticed that the angular face 
is not presented to the wheel but away from it; even with this 
arrangement, however, there is considerable splashing of the 
water. One means of overcoming this is to use a deflector a, 
as shown at C and Z>, which can be adjusted so as to control the 
flow of the water. This prevents the water from splashing over 
the operator and directs it to the cutting point of the wheel on the 
work, where it is most needed. The lower end of the water 
nozzle spout and the deflector should be so shaped that the water 
is directed to cover the full face of the grinding wheel. If one or 
both edges of the wheel are allowed to cut dry, the surface finish 
may be marred by feed lines, so that to secure good work it is 
necessary to cover the entire cutting surface of the wheel with the 
cooling lubricant. 

The diagram at E shows another type of adjustable water 
nozzle, in which case the deflector cannot only be moved up and 
down by adjusting it along the pipe, but it is also capable of an 
in-and-out movement that enables the operator to direct the 
stream of cooling lubricant where it is most needed. This nozzle 
is also so constructed and adjusted that the stream of water or 
cutting lubricant is directed to cover the full face of the grinding 
wheel. 
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Amount of Cooling Lubricant to Use. — There are several con- 
ditions governing the amount of water or other cooling lubricant 
to use for cylindrical grinding: 

1. The larger the work, the greater the wheel surface in con- 
tact; hence the necessity for a greater supply of cutting lubricant. 

2. An increased width of wheel-face increases the amount of 
surface contact and necessitates a greater amount of lubricant. 

3. An increase of work speed necessitates an increase in the 
amount of cooling lubricant. 

4. Some materials require more cooling lubricant than others. 
For instance, hardened steel requires more cooling lubricant than 
soft steel, if satisfactory wheels are used in both cases. 

In all cases, the water supply should be sufficient to keep the 
work as cool as possible, and, at the same time, cover the entire 
face of the grinding wheel. Usually the pump supplied with the 
grinding machine is capable of being speeded up so that the 
amoimt of water supplied to the machine can be varied independ- 
ently of the position of the valve opening in the supply pipe. 

The pumps supplied with the plain type of grinding machine 
are generally of the centrifugal or rotary type and vary in capacity 
from 5 to 100 quarts per minute. The pump is rotated at from 
500 to 1200 revolutions per minute. The amoimt of cooling 
lubricant generally required for plain cylindrical grinding opera- 
tions varies from i to 30 gallons per minute. For a wheel 
having, say, a 2-inch face, and grinding by the traverse method, 
the amount of cooling lubricant supplied would be in the neigh- 
borhood of from 3 to 5 gallons per minute. Of course, the 
amount of lubricant required is dependent entirely upon the 
width of wheel used, speed of work, and nature of material, and 
as the capacity of the pump can be increased, it is a comparatively 
easy matter to secure the desired amount of cooling lubricant. 

Examples of Plain Cylindrical Grinding. — Grinding is such a 
broad subject, and the methods of accomplishing various results 
differ so widely, that a study of examples taken from actual 
practice will enable one not experienced in this work to obtain a 
more definite idea of speeds, feeds, etc., than would be possible 
from a general explanation of the common methods of procedure. 
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Wock: — Sewing mafhinc shaft, 0.20 per cent carbon sted, casdbardened. 

Openiioa: — Grinding entire length of shaft with a Norton (elastic) alundum wheel, 
grain 36, grade 5; 12 inches diameter, yi inch face; speed 1910 R.P.M. — 6000 feet surface 
speed; work speed, roughing, 2x8 R.P.M. — 23 feet surface speed; work speed, finishing, 
306 R^^. — 34 feet surface speed; amount removed from diameter, 0.006 inch. 

RemariEi: — Travene method of grinding used at the rate of 30 linear inches per minute; 
roughing and finishing cuts taken; shaft reversed end for end; completely roughed out before 
finishing^ 0.001 inch left on diameter for finishing; depth of cut, roughing o.oox inch; oxxx>s 
inch, finishing; put through in lots of 500; approximate number of traverses, four roughing, 
four finishing; handled four times; production, 15 per hour, greatly limited on account 01 
slendemess of work and care ezerdsed so as not to remove casenardened surfaces: 
ing, two spring rests are used, and for finishing, a follow-rest is used. 
Machine used, Na ix Brown & Sharpe plain grinding machine. 

B 

WOTk: — Over-arm for milling machine, 0.20 per cent carbon machineiy sted, not hardened. 

Operation : — Rough- and finish-grinding external diameter; roughing with a Carborundum 
Co.'s aloxite (vitrified) wheel, grain 24x1, grade L; x8 inches diameter, 2 inch face; speed, 
1273 R.P.M. — 6000 feet surface speed; for finishing with a Carborundum Co.'s akudte 
(vitrified) wheel, grain 40, grade M; x8 inches diameter, 2 inch face; speed X167 R.P.M. 
— 5500 feet surface speed; work speed, roughing, 51 R.P.M. — 57 feet surface speed; work 
speed, finishing, 51 R.P.M. — 57 feet surface speed, and 70 R.P.M. — 79 feet surface 1 



»..^«>. for rough- 
(See illustration.) 



amount removed from diameter, 0.020 inch. 



speed; 



Reouiks: — Traveise method of grinding used; for roughing, work is traverBed past 
wheel six times at a traverse speed of 66 UiMar inches per minute, bringing woric down to 
within 0.002 to 0.003 inch of finished diameter; 15 pieces to each truing of wheel; grinding 
time, XX. 76 minutes; for finishing, work b traversied past wheel six times, five traverses at 
66 linear inches per minute; last traverse at 25 linear inches per minute, rotated at jo R.P.M. 
— 79 feet surface speed; four pieces to each truing of wheel; actiuil grinding time, 12.x 2 
minutes; total grinding time, 23.9 minutes; machine used, Norton phiin grinding machine. 



Fig. 17. Examples of Pltin Cylindrical Grinding 



Therefore, a variety of such examples are given in this and follow- 
ing chapters, with specific data so arranged that it can readily be 
referred to. In referring to these examples it should be remem- 
bered, that, while there are certain imderlying factors that 
remain practically unchanged, it is nevertheless a fact that what 
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would be considered good practice in one shop is not so considered 
in another; hence, there is more or less difference of opinion and 
variation in methods of procedure. 

Grinding Longi Slender Shafts. — The first example, shown at 
A, Fig. 17, is that of grinding a long slender shaft. Such parts 
are quite difficult to grind; first, because of the liability of the 
work to spring and vibrate, and second, because of the difficulties 
met in securing accurate work. This shaft must be ground for 
its entire length to a limit of 0.0005 inch on the diameter. The 
liability .to chatter and vibrate is largely overcome by the use of 
steadyrests. 

The over-arm for a milling machine, shown at £ in Fig. 17, 
is easier to grind than the slender shaft just referred to. The 
work is of such large diameter that a hole can be drilled in the 
end to carry a driving pin, so that it is not necessary to reverse 
the work end for end on the centers to complete it. For the 
grinding of this over-arm, a coarse-grain and comparatively hard 
bond wheel is used for both rough- and fiinish-grinding, so that, 
in order to get the required finish on the work, it is necessary to 
rotate the work faster for the finishing cut than for the roughing 
cut, and, at the same time, reduce the traverse speed of the work 
past the wheel. 

Grinding Closf to a Shoulder. — Occasionally it is necessary to 
grind close to a shotdder. This is often done by setting the wheel 
close to the shoulder with the hand adjustment and then feeding 
it straight in imtil the diameter next to the shoulder is reduced to 
the finished size or slightly above it; the remaining surface be- 
tween the shoulder and the end of the work is then ground by 
using the power traverse movement in the usual way. The object 
in first grinding close to the shotdder is to provide a clearance 
space so that the wheel does not have to travel close up to the 
shoulder. Grinding may be done close to a shotdder without 
providing a clearance space by carefully adjusting the stroke 
dogs to reverse the table when the wheel is almost against the 
shoulder. When this method is employed, the dog, which 
controls the reversal at the shoulder end of the travel, must be 
accurately located to prevent the wheel from striking, and it may 
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Woxk: — Qutch shaft for milling machine, o.xs per cent carfooa machinery steel, not 
hardened. 

Operation: — Grinding four diameters with a Gu'bonmdom Co.'s (vitrified) aloxite 
wheel, grain 365, grade M; 12 inches diameter, iV^ inch face; speed, 1910 R.P.M. — 6000 feet 
surface speed: work speeds, 170, 190 and 300 R.P.M. — 46 feet surface speed; amount re- 
moved from diameter, 0.0x5 inch. 

Remarks: — Traverse method of grinding used; on diameter (A) work is fed past wheel 
twice and wheel fed in to depth, then two traverses made with wheel "fixed"; table traversed 
at rate of 18 linear inches per minute; 15 pieces to each truing of wheel; grinding time, 5.9 
minutes; on diameter (B) wheel is fed in to depth and work traversed twice past wheel at a 
table traverse of x8 lixiear inches per minute; 25 pieces to each truing of wheel; grinding 
time, 2.3 minutes; on diameter (C) wheel is fed in to depth on work and work traversed 
past it four times by hand, the fiirst traverse at xo linear inches per minute, and last three 
traverses at 20 linear inches per minute; 20 pieces to each truing of wheel; grinding time 
2.02 minutes: on diameter (O) wheel is fed m to depth on work and work traversed four 
times post it by hand, the first traverse at xo linear inches per minute, the last three traverses 
at 20 linear inches per minute; 30 pieces to each truing of wheel; grinding time, 1.49 minute; 
total grinding time for each shaft, x x .7 minutes; machine used, Norton plam grinding machine. 



Fig. x8. MflUng Machine Clutch Shaft ground on Four Diameters — 

Total Time 11.7 Minutes Per Shaft 

be necessary to adjust this dog for each piece ground, because 
the center holes usually vary more or less in depth and any such 
variation would change the position of the shoulder with relation 
to the wheel. The result is that considerable time is wasted in 
adjusting the stroke, and for that reason the first method referred 
to is preferred by many. With the second method, the surface 
next to a shotdder is also likely to be left a little large, imless 
the wheel is allowed to dwell for a short time at the extreme end 
of the stroke. 

When numbers of duplicate pieces are to be produced and a 
small fillet is allowed, the cylindrical portion may be roughed 
with the lathe and the shoulders can also be roughed, if the 
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grinding machine is provided with a locating bar. By the use of 
this bar, the exact location of all shoulders can be secured by 
grinding, without necessitating any measuring. At the same 
time, the cylindrical portion can be groimd with the same grind- 
ing wheel. The roughing in the lathe can be done with the same 
tool that roughs the cylindrical portion, because the lathe, in this 
case, is not required to give the shoulder any partictdar shape. 
When it is found best to locate and finish shoulders with the lathe, 
because there is no locating bar for the grinding machine, it may 
not be necessary to neck in at the shoulders for grinding; with a 
shoulder cut sharp By the lathe tool, the grinding does not 
materially change the comer. An efficient method, when no 
locating bar is at hand, is to rough the work in the lathe, leaving 
the shoulders about ^ inch long and of whatever angle the rough- 
turning tool may form. Next grind the cylindrical portion, and, 
at the same time, square the shoulder with the grinding wheel. 
The work should then go to a lathe where a more skillful operator 
can locate the shoulders accurately; if a sharp comer is really 
necessary, it can then be made. 

An example of shoulder shaft grinding is given in Fig. 18, 
which shows a clutch shaft for a milling machine. This is made 
from machine steel, not hardened. The work speed for all the 
diameters remains practically the same (about 46 feet surface 
speed), but the rate of traverse for grinding the various diam- 
eters is changed. For those shoulders which are comparatively 
short, the grinding is done by first feeding the wheel in to depth 
and then traversing rather slowly (10 inches per minute) by 
hand for roughing and quite fast (20 inches per minute) for 
finishing. 

Grinding a Thin Sleeve. — The main drive gear bearing sleeve, 
shown at £ in Fig. 19, is a difficult grinding proposition because 
of the thin walls of the sleeve and the liability to distort it while 
clamping to grind its external diameter. In order to obviate 
springing the work, it is held by the ends only, and floats on a 
special spring arbor. The external diameter is groimd first, and 
then the bushing is located in a close-fitting sleeve chuck for 
grinding the internal diameter. In this way, both internal and 
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Wock: — Bevd main drive pimon, chrome-vanadium steel, oil-hardened. 

Opentkm: — Grindini|[ ezteroal diameter with a Norton (vitrified) alundum wheel, grain 
24, giade M; 18 inches m diameter, a inch face; speed, ixoo R.P.M. — saoo feet surface 
speed; worit spoed, 80 R.P.M. — ax feet suribux speed; amount removed frcnn diameter, 
ooaoinch. 



i: — "Step-tn" method of grinding in conjunction with traverse for finishing is 
used; production, 2$ to 30 pieces per hour; machine used, xo by 36 inch Norton plain grmd- 
ingmadune. 

B 

WOTk: — Main drive ^ear bearing sleeve, 0.15 carbon open-hearth Shdby seamless steel 
tubing, carbonised 0.030 mch deep uui oil-hardened. Must strike 70 ca. the sderosoope. 

Operatioii: — Grinding external diameter with a Norton (vitrified) alundum wheel, giain 
34, grade M; ^ inches diameter, 3 inch face; speed, X065 R.P.M. — 5576 feet surface speed; 
wo» speed, 8a R.P.M. — 74 feet surface speed; amount remo^^ from diameter, o.oas mch. 



— Power traverse is used and eight traverses at the rate of 56 linear inches 
per minute are required; wheel is fed in to a depth of approximately 0.003 inch per traverse 
for roughing out; production, xas pieces in nine hours; machine used, xo by 36 inch Norton 
plain gnnding macnine. 



Fig. 19. BzamplM of '' Step-in ** and TittYene Methods of Grinding 
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Wok: — MagDeto ud pi 



Lt remijvtid fram 



-"StciHa" method oi gitodlog Id coojunctloB with mvene ii m 
hlbeanne (a); productiDQ, 340 for tbe luve diuneter (■), and 300 for 
a nioe b«ir>» '"y***** used, Morse Twut Drill 0>- plain gringos me 



Onetatlaii: — GriAdEiu eittenuJ diameter with a K 
ig, >nde M: 18 incbei rnkmeter, i loch (ace; ^peed, iJ 
work ipeed, 8o RJ'.M. — 11 [eet Hiiface ipccd; anuoi 



-"Step-in" nKtbod of (Tiod 



m iteel, oil-hardeaed. 
!vitri£ed) aiundum wheel, naia 
>.M. - fiao leet Hiriace apeed; 

travczie ifl used; fcmr 



, 10 t^ 36 inch Norton pi 



^30. " Stap-ia" Method of Giindlii< ap^od to C^ndHcal Pitta 
external diameters can be gioiind concentric with each other, and 
the walls will be of equal thickness. For grinding this piece, a 
comparatively high work speed is used, but the power traverse 
feed is reduced below what would be necessary if a slower work 
speed were adopted. 

Examples of "Step-in" Grinding Method. — As has been 
previously explained, a large number of concerns are not equipped 
with grinding machines capable of carrying wide face wheels, and 
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Work: — Piston pin made from Shelby steel tubing containing 0.15 to 0.25 per cent carbon, 
carbonized 0.030 inch deep and hardened in oil. 

Operation: — Grinding external diameter with a Norton (vitrified) alundum whed, grain 
46, grade K; 16 inches diameter, 2 inch face; speed 1600 R.P.M. — 6700 feet surface speed; 
wock speed 176 RJP Jd . — 56 feet surface speed; amount removed from diameter, 0.0x5 inch. 

Remarks: — Wheel is fed in almost to depth, then traversed once across by hand; then 
power feed is thrown in and four traverses made at a traverse speed of 40 inches per minute; 
worii held on a special arbor, two provided; production, 240 in nine hours; marhinc used, 10 
by 36 inch Norton plain grinding machine. 

B 
Wodc: — Crank lever made from cast macadamite. 




Remarks : — Traverse method of grinding used at the rate of 60 inches per minute : 0.0005 
inch depth of cut per traverse of wheel; 120 pieces turned out to each truing of wheel; kero- 
sene and spindle oil mixed half and half used as a cooling lubricant; production, 60 per hour; 
wittfhinA used. No. I X Brown & Sharpe universal grinding machine. 



Wock: — Sewing machine plunger, 0.20 per cent carbon steel, casehardened. 

Operatioa: — Grinding external diameter of stem with a Norton (elastic) alundum whed, 
grain 36, grade 5; 12 inches diameter, ^i inch face; speed, X9X0 R.P.M. — 6000 feet surface 
speed; work spMd, roughing, 5x0 R.P.M. — 25 feet surface speed; finishing, 7x4 R.P.M. — 
35 feet surface speed; amount removed from diameter, 0.006 inch. 

Renuifks: — Traverse method of grinding used; table traversed by hand; approximate 
number of traverses, 4; put through in lots 015000; production, X45 per hour; msfninr used. 
No. XX Brown & Sharpe plain grinding machine. 



Fig. 31. (A) Grinding Shelby Tubing Externally. (B) Grinding Cast 
Macadamite. (C) Grinding a Snudl Plunger 

have endeavored to increase production by a method which is 
known as *' step-in" grinding. This consists in "stepping'' or 
feeding the wheel in at intervals along the work to within about 
o.ooi to 0.002 inch of the final diameter and then making several 
rapid traverses to fiinish. A good example of this class of work is 
shown at i4 in Fig. 19, which is a drive pinion made from a 
chrome-vanadium steel drop-forging, oil-hardened. 

Another example of step-in grinding is shown at i4 in Fig. 20. 
This is a shaft made from high-carbon steel, not hardened. The 
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VoA: — Miter gat llMve I« milling miehiBc, mide Irom caJt iron. 

Opantioa; — Griading eitcmil diunetcc with a Cirbomndum Co.'s (vitritia]) carbonin- 
dum wh«l. mio 40, gnjii! P; 18 imhia in diamelct, iM inch (see; ■peed, urs R.P.M.— 
Gooo feet surtuc speed; vort >p«d, So R.F.M. — s; fed luriux speed: uiKHiDt removed 

Rtnuite: — ^' Fiied-wheel " metiiad of grindiiu used; wheel Eed in to depth Hud work 
tnvened put wheel lour times; tmt by huid at w rite o( 15 tineai incbes per minute ipd 

of wheel; production^ 30 per hour; nuchioe uxd, Brova & Shoipe pL&in gruKLiflA machine^ 

B 

Vortt: — Univeraa] drive shaft yoke, 0.10 per cent carbon, open-hearth steel, carbonized 
and hanfeDcd. 

Opvatjon: — Grindin;! evtemal diameter with a Norton (vitrified) alundum wheel, grain 
14, grade M, 1 8 inches in diameter, i inch face; speed. uooR.P.M. — ;6oo feet suriue speed; 
woA speed, 80 R.P.M. — 63 [eel aurface ipeed; amounl removed from diameter, 0.010 to 
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Woik: — Forkshaftfornulliiigniachiiie,o.3opercentcarbon machineiysted, not hardened. 

Opetmtioa: — Grinding five diameters with a Carbonindum Co.'s (vitrified) alozite wheel, 
grain 365, gndt M, x8 inches diameter, a>6 inch face; speed, 127^ R.P.M. — 6000 feet surface 
spMd; work speeds, 140 and x8o R.P.M. — 46 and 47 feet surface speed; amount removed 
from diameter, 0.0x5 inch. 

Remafki: — "Fixed-wheel" method of grinding used; for diameter (A) wheel is fed 
straight m to depth on work, which is travened once past wheel by hand at xo linear inches 
per minute^ then power feed is thrown in and three traverses at ao linear inches per minute are 
made; 7 pieces to eadi truing of wheel; grinding time, 4 minutes per piece; on diameter' (B) 
wheel is fed in to depth, and work traversed four times by hand at ao linear uches per minute; 
20 pieces to each truing of wheel; grinding time, i M minute; on diameter (C) wheel is fed in to 
depth, and work traversed twice oy hand at 20 linear inches per minute; 30 pieces to each 
truing of wheel; grinding time, x.3 minute per piece: on diameters (D) and (E) wheel is fed 
in to depth, and work traversed twice by hand for each diameter at 20 linear inches per minute; 
10 pieces to each truing of wheel; grinding time, 4.4 minutes for both diameters; total time 
to complete shaft, 9.9 minutes; machine used, Norton plain grinding machine. 



Fig. 23. ** Fixed-wheel " Method of Grinding applied to a Shaft 

work was done on a comparatively light machine, and, in order 
to increase production, the "step-in" method was adopted. 

Still another example of "step-in" grinding, in conjunction 
with table traverse, is shown at B, Fig. 20. This operation is 
done on a heavier machine than is used for part A, and, conse- 
quently, a medium bond coarse grain wheel is used. This 
example is in direct contrast to the one shown at A and represents 
the two methods that can be adopted to accomplish practically 
the same results on different types of machines with different 
wheels and wheel and work speeds. 

Grinding Cast Macadamite. — A piece of work which gave 
considerable trouble before it was ground successfully is the crank 
lever shown at B in Fig. 21; it is made from cast macadamite* 
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Work: — Inteimediate shaft for nulling machine, 0.15 per cent carbon machine steel, not 
hardened. 

OperatUm: — Grinding two diameters with a Carborundum Co.'s (vitrified) aloxite wheel, 
grain 365, grade M; x8 inches diameter, aVi inch face; speed, 1273 R.P.M. — 6000 feet surface 
speed; work speed, 128 R.P.M. — 38 and 49 feet surface speed; amount x«moved from diam- 
eter, 0.015 inch. 

Renuurka: — "Fixed-wheel'' method of ^nding used. On diameter (A) wheel is fed 
straight in to depth, and work traversed past it four times; the first time, by lumd at xo linear 
incha per minute and last three times by power at 32 linear inches per mmute; 13 pieces to 
each truing of wheel; grinding time, 3.6 mmutes; on diameter (6) wheel is fed straight in to 
depth and then work traversM past it four times at the rate 01 20 Unear inches per minute, 
by hand; 20 pieces to each truing of wheel; production, 15 shafts complete per hour; machine 
used, Norton plain grinding machine. 



Fig. 24. Another Example of ** Fixed-wheel " Grinding 

This metal is similar to aluminum, except that it is a little softer. 
Practically every grade and grain of wheel was tried for this work 
without success, as well as various lubricating compounds. It 
was foxmd that the work heated so much, due to the friction of 
the wheel in contact with it, that it was impossible to get a smooth 
surface. The problem was finally solved by using a mixture of 
kerosene and spindle oil, mixed in equal proportions, as a cooling 
lubricant. After this lubricant was tried, the wheels were again 
changed, using softer and harder bond as well as finer and coarser 
grain, but practically no change was noted on the work, showing 
that the lubricant solved the problem. It might also be men- 
tioned that this cooling lubricant has been used with success 
while grinding cast aluminum. 
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Wock: — Reversing shaft for milling machine, 0.15 to 0.30 per cent carbon machineiy steel, 
not hardened. 

Operation: — Grinding four diameters with a Carborundimi Co.'s (vitrified) aloxite wheel, 
grain 365. grade M; 14 inches diameter, 2 inch face; speed, 1637 R.P.M. — 6000 feet surface 
speed; worlc speed, 210 R.P.M. — 35 to 42 feet surface speed; amount removed from diam- 
eter 0.0x5 inch. 

Remadcs: — "Fixed-wheel" method of grinding is used; on diameters (A) and (B), wheel 
is fed in to stop and traversed four times past work by hand at to linear inches per minute 
f<K- first traverse, 30 linear inches per minute for the last three traverses; 20 pieces per each 
truing of wheel; grinding time, 2.0a minutes for each end; on diameters (C) and (D), the 
wheelis fed in to depth and traversed post work four times by hand at the rate of 20 inches per 
minute; 20 pieces per each truing of wheel; grinding time, x.69 minute for each end; total 
time, 7.42 mmutes for each shaft; machine used, Landis plain grinding machine. 



Fig. 25. Reyeraiag Shaft for Milling Machine grotind by '<Fized-wheel" Method 

Examples of Grinding by "Fixed-wheel" Method. — The 

fork shaft for a nulling machine shown in Fig. 23 was ground by 
what is known as the ** fixed-wheel" method. In this case, the 
wheel was fed straight in on the work to a stop, and then trav- 
ersed once past the wheel by hand feed and three times by 
power feed. Fig. 24 shows another piece ground in a somewhat 
similar manner, but, in this case, it will be noticed that no 
stead3n:ests are required on the work. Fig. 25 shows another 
milling machine part that is ground by the "fixed-wheel" 
method in conjimction yith more than two traverses of the 
work past the wheel. tTJ^pse three examples illustrate practi- 
cally similar conditions," with the exception of the application of 
stead3n:ests to the work. 
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rindjDff two cxienuj dumeters with a Car1»RiDdiim Co.'i (vitrified) 
1; grain 40, grade P; ig inehis diamctet, i>* inch (ace; speed, ijjj R.P.M. 
E ip«d; work ipeed, 60 R-P-M- — 57 aod 57 itut lurfaa ipod; amount 

'iKed-whed" method of ^mliair used; wheel is fed in to deplli al aboulder 



__ _...js. the finttrai 



each truing of whed; actiuL ^nding time 4-97 n 
truing of ine whni, actiul gnndinn time, 4,13 ir 



The gear-box bracket made from an iron casting that is shown 
in Fig. 26 is another example of the " fixed-wheel " method. The 
traverse of the wheel past the work varies from 15 to 30 linear 
inches per minute, the finer traverse being used for roughing and 
the coarser for finishing. The reason for the finer traverse for 
roughing is because of the heavy cut taken, whereas for finishing, 
lighter cuts are used, and, consequently, higher traverse speeds 
can be employed. 
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.Wofk: — Bushing made fnun csst iron. 

Opention: — Grinding external diameter with a Carborundum Co.'s (vitrified) carborun- 
diun wheel, combination grain 46, grade N; 14 inches diameter, a inch face; 1728 R.P.M. — 
633a feet surface speed; woriiL speed, 416 R.P.M. — 136 feet surface speed; amount removed 
from diameter, o.oas inch. 

Remaxla: — "Fixed-wheel" method of grinding is used and work b fed past wheel twice 
at a table speed of x6 linear inches per minute; 50 pieces turned out to each truing of wheel; 
productbn, zoo in z^4 hour; marhinr used, Brown & Sharpe plain grinding machine. 

B 

Wock: — Bushing made from Tobin bronze. 

Operation: — Grinding external diameter with a Norton (vitrified) alundum wheel, com- 
bination grain 36, grade K; speed, 1728 R.P.M. — 6332 feet surface speed; work speed, 416 
R.P.M. — 75 feet surface speed; amount removed from diameter, 0.020 to 0.025 inch. 

Remarln: — "Fixed-wheel" method of grinding is used and two traverses of work post 
wheel at the rate of x6 linear inches per minute complete operation; wheel trued up once everv 
day; production, 100 pieces in 45 minutes, or about 230 pieces per hour; machine used. 
Brown & Sharpe plain grinding machine. 



Fig. 27. Cast-iron and Bronze Bushings grotind ExtemsUy by '* Fixed- 
wheel" Method 

Two examples of bushing grinding are shown at A and 5, in 
Fig. 27. The bushing shown at A is made from cast iron and is 
ground by the "fixed-wheel '* method. The bushing shown at 
B is made from Tobin bronze and is also ground by the "fixed- 
wheel '* method. For the grinding of the cast-iron bushing at -4, 
a carborundum wheel is used, whereas for the Tobin bronze, an 
alundum wheel is used. 

Combined '< Straight-in '' and Traverse Grinding. — Fig. 28 
shows a pinion shaft that is groxmd by two methods. The short 
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Woik: :— Pinion shaft, 0.30 per cent carbon steel, not hardened. 



Opentioii: — Grinding two external diameters with a Norton (vitrified) alundum wheel, 
grain 24, grade M; x8 inches diameter, 4 inch £ace; speed 1650 R.P.M. — 60^0 feet surface 
speed; work vpetd, 77 R J*.M. — 14 to 25 feet surface speed; amount removed uom diameter, 
0^20 inch. 

Remaxlci: — "Step-in" method of grinding in conjunction with traverse grinding is used; 
order of operations is to first feed wheel stiuignt in on diameter (A) and grind to size* Second, 
reverse work on centers, step-in twice on diameter (B) to within o.ooz inch of finislMd size, and 
then traverse the work pastJthe wheel: 50 pieces turned out to each truing of wheel; imxiuc- 
tion, 20 pieces per hour; machine used, 6 by 32 inch Norton plain grinding machine* 



Fig. 28. Combined '< Step-in" and Tnyerte Method! of Grinding 

applied to a Pinion Shaft 

shoulder A is ground by feeding the wheel straight in on the work, 
whereas the shoulder B is ground by stepping the wheel in at 
intervals along the work and then making several rapid traverses. 
Advantage here is taken of the use of a wide face wheel, and it 
will also be noticed that a comparatively low work speed and a 
coarse grain, medium bond wheel has been used. This example 
represents good average practice. 

The rear axle shown in Fig. 29 is an interesting example of this 
class of work. For grinding the taper bearing, the grinding wheel 
is fed in to depth at the end next to the tailstock, then withdrawn 
and moved over to the other end of the bearing and fed in to 
depth, after which three traverses of the wheel past the work are 
made. The machine table is, of course, set at the required angle* 
The grinding of this shaft necessitates three separate settings, 
and for all except operation B the wheel is traversed. For this 
operation the wheel is fed straight in on the work until the final 
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Woik: — Material Carpenter's "Samson" No. 3 nkkel steel, hardened in fish oil and 
tempered; allowance of 0.0^0 to 0.040 inch left on all diameters for grinding; method of 
grinding is to first feed wheel m almost to depth at the end next the tailstock, then travel over 
to the other end and feed to depth^ and then make three traverses back and forth, using 
power feed, at the rate of x6 linear mches per minute; grinding limit varies on all diameters 
(see illustration); operations performed on a 12 by 42 inch Landis plain grinding machine; 
shaft must strike 60 to 70 hard on sderoscope. 

Operation A: — Grinding taper with a Norton (vitrified) alundum wheel, grain 24, grade 
M; 18 inches diameter, 3 inch face; speed, 1580 R.P.M. — 7482 feet surface speed; work 
speed, 93 R J*.M. — 36 feet average sunace speed; x6 pieces ground to each truing of wheeL 

Operatioii B : — Grinding main bearing; wheel fed straight in on work; wheel b same grain 
and grade as above; production on this bearing, one piece in 35 seconds. 

Operation C : — Grinding oil retainer fit with a Norton (vitrified) alundum wheel, grain 2 a, 
grade L^ x8 inches diameter, 3 inch face; operating at same speed as above, but traversea: 
production time is x minute and 31 seconds each. At this same setting the differential 
bearing (a) is also ground bsr the same tjrpe of wheel, traversed at the rate of x6 inches per 
minute; time for tUs operation is 50 seconds. 



Fig. 29. Rear Axle Shaft for Automobfle Kroimd by ** Straight-ln " 

and TraverM Methods 

diameter is reached. Another point of interest in connection 
with the grinding of this part is the special driver. The require- 
ments call for a certain length to be maintained between the 
taper bearing and the other end of the shaft, and to obviate the 
extreme care which is necessary to get all the centers of a certain 
depth, the special driver shown is used. 

Grinding a Spherical Surface. — Fig. 31 shows two special 
grinding operations; one is the grinding of an upper end of a 
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Fig. 30. PUln Travene Gtindinc Opentioa od Shoiildned Shaft 
valve push-rod, and the other, a cone for a fan shaft. The upper 
end of the valve push-rod is made from screw stock and is car- 
bonized and hardened in oil. The grinding operation consists in 
finishing the radius on the head of this rod with a fine grain, 
medium grade, alundum wheel. The method of grinding this 
piece is to first bring the wheel in contact with the work at the 
shoulder and then swing the head of the machine around until it 
stands at right angles to the wheel. The wheel is then fed in on 
the work again. This procedure is continued until the radius has 
been ground, bringing the push-rod head to the required diameter. 
Grinding a Conical Surface. — The cone for the fan shaft 
shown at B, Fig. 31, was taken from a light grinding machine and 
placed on a Landis plain giiider, using an old type Landis center 
grinder as a fixture for holding the work. The production was 
increased in this way from about 500 to 1 200 pieces in nine hours, 
because of the greater rigidity and possibility of taking heavier 
cuts. The method of grinding this piece is to bring the wheel 
directly in on the work and then make a couple of rapid traverses 
for finishing. It will be noticed also, in this case, that a compara- 
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lively coarse grain, medium bond wheel is used and that it is 
rotated at a surface speed of 8272 feet, which is unusually high. 
In order to get the desired results, it is also necessary to increase 
the work speed, which, in this case, b above the average, being 
115 feet average surface speed. 

Instruction and Record Chart — The foregoing esamples of 
work in(Ucate the various methods adopted for handling work 
that differs considerably in shape and nature of material. These 
examples are also a good indication of the advisability of keeping 
complete records of all grinding operations, so that when a new 
piece must be ground, it is not necessary to waste time in experi- 
menting. The chart shown in Fig. 32, while used chiefly as a 
basis for setting piece rates, contains a number of important 
points that are valuable from an efficiency standpoint. The 
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Fig. 3a. Chart illostratiiig Method of keeping Complete Record 

of Grinding Data 

example shown in the chart is a gear-box bracket for a inilling 
machine on which two diameters are to be ground. The method 
of procedure is carefully outlined under the heading "Order of 
Operations." 

The examples of work shown in the foregoing have not been 
chosen in all cases because they represent the best practice, but 
have been selected to illustrate the points that it is necessary to 
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observe in grinding cylindrical work successfully. The examples 
shown illustrate work that is turned out on a manufacturing 
basis, and are not of the tool-room variety. The reason for this 
is that for several years the development of the grinding machine 
has been along the line of increasing production, at the same time 
retaining the necessary accuracy. 

Plain and Universal Grinding Machines. — Cylindrical grind- 
ing machines, like milling machines, are divided into two general 
classes, known as plain and universal types. The first type is 
ordinarily used for grinding work in large quantities which varies 
comparatively little in form, which means that it is essentially a 
machine for manufacturing purposes, l^he general construction 
of a universal grinder is similar to that of a plain grinder of the 
same make, but it differs from the latter in having certain special 
features and auxiliary attachments which adapt it to a more 
general or universal class of work. The principal difference 
between the universal and plain types, as far as the construc- 
tion of the machine itself is concerned, is as follows: The wheel 
slide of a universal machine can be swiveled with relation to the 
travel of the table; the headstock can also be set at an angle, and 
provision is made for revolving the headstock spindle for grinding 
parts that are held in a chuck or otherwise. With a plain 
machine, the wheel slide is permanently set at right angles to the 
table travel and the headstock cannot be swiveled. The machine 
shown in Fig. 2 is a universal type, whereas a plain grinder is 
shown in Fig. 33. These machines differ considerably in their con- 
struction because they are different makes. Plain and imiversal 
machines of the same make, however, are practically the same 
except for the changes referred to, unless one is much larger than 
the other, in which case, the design usually varies to some extent. 

The machine illustrated in Fig. 33 operates by traversing the 
grinding wheel along the work which rotates in a fixed position, 
as indicated by the diagram B, Fig. i. The travel of the wheel 
carriage is regulated for work of different lengths by varying the 
position of the dogs iV, which are mounted on a wheel or circular 
rack. Worm-teeth are cut on the periphery of this wheel, and 
the dogs are held in any desired position by- worms, which may 
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be lifted out of engagement when the dogs are to be moved a 
considerable distance. The tappet against which these dogs 
strike, thus reverang the movement of the carriage, can be swung 
out of the way when it is desired to allow the wheel to travel 
beyond the reversing points. The amount that the wheel car- 
riage moves longitudinally per revolution of the work, or its side 
traverse, is regulated by changing the position of lever /. The 
lever J is used for reversing the carriage travel at any point, by 
hand, while the traverse movement is started or stopped by lever 



Fig. 33. LaiiiIIb Plain GiIqiUds MKchlna 

K. When it is desired to move the carriage longitudinally by 
hand, the wheel L is used. The platen P can be swiveled for 
grinding taper work, the same as with a universal machine. The 
power for traversing the wheel carriage is obtained from a belt 
operating on pulley H, and the work is rotated by a belt connect- 
ing with pulley G. The work speeds are varied by shifting 
lever F. 

The grindit^ wheel is moved to or from the work by the hand- 
wheel D. In conjunction with this handwheel there is an auto- 
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matic cross feed which may be set to advance the wheel at each 
reversal of the carriage on which the wheel is mounted. This 
feed is effected by the pawl A (Fig. 34) which meshes witli ratchet 
teeth in the periphery of the wheel D. Provision is made for 
automatically disengaging this feed when the wheel has groimd 
any predetermined amount from the work. This is accomplished 
by a movable ring B, mounted on the handwheel and having a 
knock-out cam C, which engages a pin on the feed pawl A . When 
setting this feed to grind a given amoimt, the wheel is first 
brought into contact with the work, by turning the handwheel 



Ciou-ffted Mm 

D'l the ring B is tlien moved around until the cam C is against 
the pin on pawl A. 

When the machine mates its first stroke, the pawl is disengaged 
from the ratchet The wheel should then be allowed to pass over 
the work until it has practically ceased cutting, when the traverse 
should be stopped, say, at the footstock end. The diameter of 
the work is next measured carefully with a micrometer. The 
thumb-latch E is then pressed against its stop four times for each 
0.001 inch reduction in diameter required. As this thiunb-latch 
has attached to it a spring pawl engaging the ratchet teeth on the 
wheel D, the ring B, with its knock-out cam, is moved away from 
the feed pawl A an amount equivalent to one ratchet tooth each 
time the latch is pressed. When the grinding is continued, the 
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cam gradually moves backward and finally disengages the feed 
pawl. The amount of feed is regulated by adjusting screw F. 

Large Grinding Machine of Plain Type. — Fig. 35 shows a 
large grinding machine of the plain type which will grind work up 
to 96 inches in length. This machine has a moving work-table, 
and the grinding wheel revolves in a fixed position, except for the 
crosswise feeding movement at each end of the stroke. The 
wheels used in this machine are 24 inches in diameter and have a 
width of 2 inches. The wheel slide is fed forward either by a 
handwheel or automatically, and the automatic feed can be set 
for grinding a given amoimt. The rotative speed of the work 
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Fig. 36. Taper Grinding by Swiveling Platen to Required Angle 

can be changed by shifting the belt on the driving cone pulley of 
the headstock. The rate of table traverse can also be regulated 
to give a coarse feed for removing stock rapidly or a finer feed for 
finishing. The mechanism seen at the front of the machine in- 
cludes the automatic cross feed and the table speed-changing 
mechanism. There are also handwheels for adjusting the table 
longitudinally and the grinding wheel in a crosswise direction. 
The particular machine illustrated is equipped with six steady- 
rests which are used for supporting the work and to prevent 
vibration. The number of rests used, in any case, depends upon 
the length of the part being ground, as explained previously. 
This machine illustrates the heavier designs which are commonly 
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used in modem shops for grinding machine parts in connection 
with manufacturing. 

Taper Grinding. — Taper parts are ground practically the 
same as those that are straight or cylindrical, provided the taper 
is not too steep or abrupt. The work is placed between the 
centers, as illustrated in Fig. 36, and the table is set to the re- 
quired angle a, as shown by the graduations at one end. This 
adjustment locates the axis of the work at an angle with the 




Fig. 37. Grinding Abrupt Taper by setting Wheel Slide of Universal 

Machine to Required Angle 

table's line of motion; hence, a taper is produced, the angle of 
which depends upon the amount that the table is turned from its 
central or parallel position. There are usually two sets of 
graduations for the swivel-table, one reading to degrees and the 
other giving the taper in inches per foot. The taper should be 
tested before the part is ground to the finished size by using a 
gage, or in any other available way. 

The plan view, Fig. 37, shows how a taper surface is ground 
when the angle is beyond the range of the swivel-table. The 
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wheel slide A (which is normally at right angles to the table) is 
set to bring its line of motion parallel with the taper to be ground. 
The upper wheel-stand B is also set at right angles to slide A, to 
locate the wheel-face parallel with the taper surface. The table 
of the machine should be set in the zero position, so that the 
angular graduations on the wheel-slide base will give correct 
readings with relation to the axis of the work. After adjusting 
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the table to the proper longitudinal position, the grinding is done 
by moving the wheel across the taper surface by using the hand 
cross feed, and the depth of each cut is regulated by sUght longi- 
tudinal adjustments of the table. When the taper is tested, if 
any adjustment is necessary, this can be made by the table 
adjusting screw. Evidently an operation of this kind must be 
done on a universal machine, because the wheel slide of a plain 
type does not have the angular adjustment. 
Parts having a double or compound taper can be ground at one 
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setting, provided one taper is within the range of the swivel-table. 
The latter is set for the smaller angle and the wheel slide for the 
greater angle, as indicated by the sketch A, Fig. 38. The wheel 
is set at right angles to the longest surface and one comer is 
beveled to suit the other surface. One part is then ground by 
traversing the table and the other by movii^ the wheel slide. 
The wheel-base, in this instance, should be set to an angle corre- 
sponding to the sum of the angles of both tapers, as measured 
from the axis. The sum of both angles, in the example illustrated, 
is 50 degrees. 

Vae of the UnlTersal Head. — The headstock of the universal 
grinder is used for holding and revolving many parts, such as 



saws, milling cutters, and other pieces that cannot be revolved 
between the centers. Sometimes the work is held in an ordinary 
chuck screwed to the headstock spindle, and special collet chucks 
or fixtures are also employed, as well as magnetic chucks, where 
electric power is available. Sketch B, Fig. 38, illustrates how the 
side of a plain, flat disk is groimd. The headstock spindle is set 
at right angles to the table, and the work, in this case, is held in 
a four-jawed chuck. When grinding, the wheel operates on only 
one side of the disk, and the automatic table traverse is used. 
If the surface must be flat, it can be tested with a straightedge or 
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by allowing the wheel to pass clear across the face and noting the 
density of the sparks on both sides. When the sparks show the 
same at all points, the surface is flat within close limits. The 
fine adjusting screw for the table should be used for making ad- 
justments. Obviously, concave or convex surfaces can be groimd 
by setting the headstock to the required angle. 

Fig. 39 illustrates the use of a magnetic chuck attachment for 
face grinding. The operation is that of grinding the sides of a 
steel ring A. As these sides must be flat, the headstock spindle 
is set at r^ht angles to the wheel-spindle. The work is rotated 
by a belt (not in place) which passes over a pulley located just 




Pl«. 40- Giindinc wiUi tha SlAt ot • Seceued Wheel 



back of the magnetic chuck B. The current for magnetizmg the 
chuck is conveyed through the wires and brushes shown. The 
wheels used for grinding flat surfaces should be of a softer grade 
than for cylindrical work, owing to the greater contact area. 

Grinding with Side of Wheel. — When it is necessary to grind 
bushings or sleeves, they are sometimes moimted on a mandrel, 
as shown at A, Fig. 40. This view illustrates how the end of a 
bushing is finished by grinding with the side of the wheel. A 
wheel for end facing should be soft and porous and it should also 
be recessed on the sides (as shown by the sectional view) to reduce 
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the working area. The grinding should be done by moving the 
work endwise against the side of the wheel, instead of traverang 
the wheel laterally. This method of facing the ends of cylindrical 
parts is only employed when the surfaces are quite narrow. 
Diagram B indicates how the jaws of a caliper gage are ground 
by the side of the wheel. The gage is held in a fixture attached 
to the table of the machine and the wheel is traversed across the 
face of the jaw being groimd. It is necessary to traverse the 
wheel in this instance because the work is not revolving. 

Truing Grinding Machine Centers. — Fig. 41 illustrates how a 
universal grinding machine is used to true its own centers. The 
headstock is set to an angle of 30 degrees, giving an included 
standard angle of 60 degrees, and the grinding is done by travers- 



Fl(. 41. Trnliic Cornell Canter of a OhItmhI Grinding Hachine 

ing the wheel across the conical surface. The tailstock center 
is ground, first, by inserting it in the headstock spindle, these 
centers being interchangeable. The table stroke should be 
adjusted so that the wheel overlaps the taper surface slightly on 
each side, and a copious supply of water should be used, when 
grinding, to prevent drawing the temper of the hardened centers. 
The centers of a plain grinder are inserted in a special fixture 
while being trued. This fixture is clamped to the table and holds 
the center at an angle of 30 degrees. It is very important to keep 
the centers in good condition, as, otherwise, parts ground upon 
them will not be accurate. 



82 CYLINDRICAL GRINDING 

RoU-grinding Machine. — The cylindrical grinding machine is 
adapted to the finishing of rolls such as are used for rolling steel 
plate, etc. Rolls of the smaller sizes are often ground on ordinary 
cylindrical grinders, but where roll grinding is done regularly, 
especially on rolls of large sizes, machines designed for this work 
are used. Front and rear views, showing part of a large Norton 
machine intended for the grinding of rolls used in rolling steel 
plate, are shown in Figs. 42 and 43. This machine will grind 
rolls 54 inches in diameter and 18 feet long. 

Years ago, Mr. J. Morton Poole invented the double-wheel 
machine with a swinging frame to secure accurate cylindrical 
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work, because, at that time, there were no known methods of 
producing and maintaining straight ways of sufficient accuracy 
to secure perfectly straight lines or a uniform diameter of roll 
with a single grinding wheel. By means of modem methods, 
however, it is practicable to produce and maintain ways for a 
single grinding wheel which will produce rolls that are practically 
perfect. Incidentally, the advantage of this single wheel is that 
with the present design it is possible to have the wheel large in 
diameter, of wide face, and so moimted and provided with a 
powerful drive that it is pos^ble to grind rolls in a few hours, 
which formerly required a day or more for thdr grinding. It is 
also more convenient to place heavy rolls in the machine, or 
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remove them from the macMne, than when the double-wheel 
machine is used. 

Under the old system, a roughing cut was unknown. All cuts 
were practically finishing cuts, and hours, in fact, days, were 
spent in the slow process of grinding with small wheels not ex- 
ceeding 14 or 15 inches in diameter by i or 2 inches in width, and 
relatively small spindles and frail supports were provided for 
carrying these wheels. With the single-wheel machine of modem 
design, advantage can be taken of greater weight and power, 
securing accuracy, and, at the same time, large production. 

The work to be ground is of such size, that, in order to see the 
point of contact between the work and the grinding wheel, it is 



necessary for the operator to have control of the machine on the 
same side of the work as the wheel is grinding. To secure per- 
fectly smooth work, the rolls are revolved through helical gears 
and a large worm and worm-wheel running in a bath of oil, ax 
speeds of work revolution being provided. 

When grinding rolls carried on their own bearings, they are 
revolved by means of a large universal joint, in order to give a 
steady and uniform rotation of the work, one end of the universal 
joint being bolted to the faceplate of the headstock spindle. To 
the other end is bolted a driving deeve which clamps solidly to 
the wabbler end of the roll, revolving as a part of the roll. When 
grinding work on centers, the universal joint, the imiversal joint 
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case, and the driving sleeve are removed and a driver is bolted 
direct to the faceplate on the headstock spindle. Provision is 
made for grinding the necks of the rolls, either when carried on 
the machine centers or when the rolls are revolved upon their 
necks in specially arranged bearings. When desired, an attach- 
ment can be supplied for this machine, which will permit grinding 
rolls with either a concave or convex face. The machine, as 
shown in the illustrations, is arranged for grinding rolls either 
cylindrical or with straight tapers, whether or not the rolls are 
carried on centers when being ground. 

Calender Roll Grinding. — Calender rolls are used in connec- 
tion with the manufacture of paper to produce a uniform thick- 
ness, hardness, and a good surface finish. The great size and 
weight of the calender rolls, of which there may be two or three 
stacks, are astonishing to one imfamiliar with paper making. 
Rolls 200 inches long and 30 inches in diameter have been made 
for some of the largest paper-making machines. Now, when it 
is taken into account that these rolls must be extremely hard, 
perfectly roimd, and highly polished, the problem of production 
seems sufficiently difficult, but when, in addition, it is considered 
that the bottom and top rolls have to be ground large in the 
middle, tapering to the ends, in order to compensate for deflec- 
tion, the problem becomes still more difficult. 

The Lobdell roll-grinding machine of the electrically-driven 
type, made by the Lobdell Car Wheel Co., Wilmington, Del., is 
shown in Figs. 44 and 45. The rolls are supported on their 
journals by V-blocks which are adjustable on the bed for various 
lengths. The V-blocks have been found best for this work, 
inasmuch as the journal automatically centers itself and requires 
no lateral adjustment. Two grinding wheels are provided, one 
on each side of the roll. The wheels are each driven by two 
belts. The spindle bearings are a plain taper and are supported 
in phosphor-bronze bearings. 

Calender rolls must be grovmd with great accuracy and to the 
utmost smoothness; the metal is dense chilled cast iron. The 
grinding wheels are moimted on a carriage, and, in the case of the 
motor-driven machine, the carriage also carries the motors over- 
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head. In the case of the belt-driven machines, two overhead 
drums are provided of a length equal to the longest traverse 
required. As the grinding wheels are mounted on opposite sides 
of the roll, the thrusts of the wheels against the roll are balanced. 
The wheels are comparatively narrow, the usual width being 
about i| inch, and the feed of the carriage is somewhat less than 
the wheel width, as is usual in all cylindrical grinding operations. 
The roU is flooded during grinding. 

A stack of calender rolls is erected so that the entire weight is 
carried on the bottom roll. Besides this, additional load is 
imposed by weights acting through a system of multiplying 
levers. The effect of the superimposed load, which may amount 
to 50,000 pounds, is to deflect both the top and the bottom rolls 
an appreciable amount. To compensate for this deflection, both 
the top and the bottom rolls must be ground with a "crown," 
that is, larger in the center than at the ends. The amount of 
crown varies with the diameter and length of roll, being o.oio 
inch in the case of 16-inch rolls, 116 inches long. 

It is evident that an ordinary former or guide for producing the 
crown is open to several objections. The crown is so small that 
it would be difficult to make a long guide with the required 
amount accurately apportioned to each foot of its length. The 
crown being so small, the wear of the guide shoes and deflections 
would tend to destroy its accuracy. Another objection is that 
either a large number of formers or guides must be provided or 
means for changing the shape of the guide by set-screws. The 
latter are objectionable because of the practical impossibility of 
making the crown uniform. When these difficulties are under- 
stood, the fine points of the crowning device to be described will 
be better appreciated. 

The roll A is movmted by the ends in V-blocks and is ground 
by the opposite wheels B, The wheels are given a slight in-and- 
out movement for "crowning" the roll, the movement being 
controlled by the mechanism about to be described. The rack 
R is bolted to the front of the bed and engages with a pinion Q. 
This pinion carries a worm which drives a worm-wheel, which, 
in turn, rotates crank N\ the latter has an adjustable crankpin 
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88 CYLINDRICAL GRINDING 

that is connected to the lever X by a connecting-rod. The lever 
K is mounted on a transverse shaft L extending across the bed 
under the carriage bridge. At each end are two short horizontal 
levers mounted on L on which rest vertical pins /, which, in 
turn support a bar G. 

The function of this train of mechanism is to raise and lower 
the grinding wheel heads on the pivots E and to provide means 
for making the angular movement the same for a given adjust- 
ment for any diameter of roll within the capacity of the machine. 
The point of contact between the bars G and the grinding wheel 
cross-slide heads is at H. It is evident that the rise and fall will 
be the same for a given adjustment no matter at what point H 
contacts with G. The wheel slides have two lateral adjustments; 
one is by means of the screw and handle which moves the top 
slide on which the wheel is mounted. Then there is a lower 
slide, the base of which is bolted to the carriage, and is provided 
with T-slots for changing the position laterally. The springs 5 
are provided to take up the slack in the mechanism and insure the 
movement of the wheels in the crowning operation, following 
exactly the curve determined by the design of the mechanism. 

The operator is provided with a table of roll lengths, diameters, 
crowns, and crankpin adjustments, from which he can read the 
adjustment necessary to control the position of the crankpin on 
worm-wheel N. The amount of calender or crown has been care- 
fully determined for all lengths and diameters of calender rolls 
within commercial limits. For example, o.oio-inch crown is 
given to a 1 6-inch roll, ii6 inches long. The adjustment re- 
quired for the crankpin is 0.339 ^^^^h eccentricity, that is, it is set 
to swing in a circle of 0.678 inch diameter. The crown produced 
is a true arc of a circle in the direction of its length. 

The carriage is traversed by a feed-screw which bears through- 
out its entire length in a groove in the bed. The groove is 
planed accurately to shape, in order to form a solid support 
throughout the length. A half-nut of phosphor-bronze is 
engaged with the screw. The screw is reversed at the end of the 
travel by a feed-rod T having adjustable collars which shift the 
reversing gears into engagement. 
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CHAPTER n 
FORM GRINDING 

The grinding of machine parts by using a broad wheel which 
is shaped to conform to the shape required, and without trav- 
ersing either wheel or work laterally, is known as form grinding. 
The wheel is wide enough to cover the surface to be ground, and, 
for roimd work, is fed straight in, thus grinding the entire surface 
at the same time, without a traversing movement such as is 
common to ordinary cylindrical grinding. Form grinding bears 
practically the same relation to grinding by means of a trav- 
ersing wheel, as forming tools do to the ordinary single-point 
turning tool. In the case of forming tools, however, the sharp- 
ening is done on the flat face of the tool and the formed surface 
is not changed throughout the life of the tool, whereas, with a 
form grinding wheel, the sharpening is done on the formed sur- 
face which may be either straight, curved, or irregular. For 
ordinary shapes, this truing of the wheel is done without diffi- 
culty, and simply requires a special truing fixture which serves to 
guide the forming tool mechanically. Form grinding wheels do 
not require truing as often as might be supposed and a large 
number of pieces can be groimd with one truing of the wheel. 

Practically the only factors which limit the use of extremely 
wide wheels for form grinding are the difficulties connected with 
the production of wide wheels and the limitations as to the 
rigidity and wearing qualities of the wheel-spindle and work 
supports. Great progress, however, has been made in over- 
coming these difficulties, and the result is that considerable 
work is now done by form grinding that was not possible a few 
years ago. Obviously, the form grinding process is very efficient 
for classes of work to which it may be applied. 

The term form grinding, as applied to the manufacture of 
machine and automobile parts, is generally used to refer to the 
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production of both straigHt and irregular-shaped surfaces. For 
round work, the term is used to indicate that the wheel is fed 
straight in without any traverse of the wheel or work. In order 
to differentiate between form grinding of straight and irregular 
surfaces, other names for the grinding of plain siurf aces have been 
suggested, such as straight-in grinding, wide-wheel grinding, 
etc. In practice, however, the term "form grinding'' is used 
to indicate the production of both straight and irregular-shaped 
surfaces on cylindrical work where the work or wheel is not 
traversed. There are also many other applications of the 
formed-wheel method pf grinding, such as surface grinding, 
grinding splined shafts, crankshafts, etc. 

Form grinding first came into prominent use in the grinding 
of multiple-throw crankshafts for automobile engines. The 
chief reason for using a wide wheel and feeding it straight in on 
the work in the grinding of crankshafts was that the length 
of the bearings and space between the crankpin cheeks was so 
short that a very limited traverse could be used. This made 
the operation of grinding crankpins and bearings both slow and 
expensive. Heavy, rigid grinding machines were then built 
to carry wide face wheels, and instead of using the grinding 
machine for finishing only, crankshafts were ground complete 
on the bearings and crankpins from the rough forgings. 

Advantages and Limitations of Form Grinding. — There are 
many advantages of form grinding, among which might be 
mentioned: First, greater-production; second, accurately finish- 
ing hardened parts of irregular shape; third, grinding from the 
rough; fourth, increasing possibilities of securing interchange- 
able parts. Greater production is possible because a wheel 
is used that covers the entire surface to be ground. 

The use of form wheels presents the only practical means of 
accurately finishing flat or round parts of irregular form, and 
this advantage alone is of considerable importance. Another 
advantage of form grinding is in the possibility of producing 
interchangeable parts. With a wide face wheel, that is kept 
in good condition by being trued frequently with a diamond, 
it is a comparatively easy task to secure accurate work. 
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The width of face of grinding wheels used for form grinding 
has gradually increased, until, at present, wheels up to 10 and 12 
inches face are used with success. The chief limitations of 
form grinding are the difficulties encountered in making the 
grinding wheel and in producing a machine of the necessary 
strength and rigidity. Another limitation is in the depth of 
the formed part. This can be such that the peripheral speed of 
the various diameters on the wheel produces a different cutting 
action, making the production of very deep forms impracticable. 
A difference of 2 inches on the diameter of the wheel, however, 
easily comes within the possibilities of the grain and grade that 
can be furnished by the wheel manufacturers. Again, wheels 
for form grinding must be trued up more frequently than is 
necessary in traverse grinding, but this is not a serious disad- 
vantage. In fact, grinding authorities state, that, on work 
which must be held within close limits, a generous use of the 
diamond not only increases production but also insures greater 
acciu-acy of product. 

Work Speeds for Form Grinding. — For form grinding soft 
steel, containing from 0.15 to 0.25 per cent carbon, the work 
speed should be in the neighborhood of from 30 to 55 feet sur- 
face speed, and is dependent upon the wheel used, and, to a 
certain extent, upon the finish desired. The harder the bond of 
the wheel, as a rule, the higher the work speed, and the softer 
the bond, the lower the work speed. For form grinding 0.15 to 
0.25 per cent carbon steel which has been casehardened, the work 
speeds are just about the same as for soft steel, but the wheels 
are generally of a harder bond and slightly finer grain than 
those used for soft steel. The examples shown in the following 
can be used as a general guide for the selection of the proper 
wheels and work speeds for different classes of work. 

In the grinding of alloy steels which have been heat-treated, 
the work speeds seldom exceed 55 feet surface speed. As a 
general rule, grinding wheels of combination grain are used for 
form grinding aDoy steels, and it has been found that wheels of, 
say. No. 24 combination work best at surface speeds ranging 
from 25 to 40 feet. The harder the bond of the wheel, of course, 
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the higher must be the surface speed to get the same results, 
but on form grinding, hard bond wheels of fine grain are not 
recommended because of the liability to glaze and heat up 
quickly. The speed of the work is dq)endent, to a certain 
extent, upon its diameter, small-diameter work being rotated 
at a higher surface speed than large-diameter work. 



Kate of lo-feed of Wheel for Form Grinding. — The rate at 
which the wheel is fed in on the work for form grinding varies 
all the way from 0.0005 to 0.003 ^^^^ P^' revolution of the work, 
the rate of in-feed depending on the slendemess of the work and 
the manner in which it is supported, also, to some extent, on 
the ri^dity of the machine in which the operation is being 
done. This in-feeding of the wheel on the work is generally 
done by hand, but several devices have been designed for doing 
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this by power. Of course, the hand-feed method offers more lati- 
tude, as far as increasing production is concerned, than the power 
feed, but can only be done successfully by an experienced operator. 

An interesting in-feeding device, which has been applied to 
the Brown & Sharpe plain grinding machine for form grinding, 
is shown in Figs, i and 2. This device is operated as follows: 
An eccentric A on the headstock spindle oscillates a shaft D 
through lever B and connection C. Shaft D carries an adjust- 
able shoe E which can be moved along it to contact with lever F. 
This lever is fulcrumed in bracket G and on its lower end carries 
a ratchet pawl lever H. Ratchet pawl H, in turn, carries a 
pawl /, which engages with a feeding dial / fastened to the same 
shaft that carries the handwheel for operating the in-feed of 
the grinding wheel sUde. 

As the work head revolves, pawl / moves the feeding dial / 
around two notches, or, in other words, brings the grinding 
wheel in at the rate of 0.002 inch per revolution of the work. 
This continues imtil the correct diameter has been reached, 
when the automatic trip comes into play. This consists of a 
segment shield K fastened to the feeding dial and adjustable 
around its circumference. This, as shown in Fig. 2, passes 
beneath the pawl, raising it and preventing any further action 
upon the ratchet dial. The grinding wheel is then allowed to 
dwell on the work imtil no sparks show, and, in this way, very 
accurate dimensions can be obtained. In fact, the limits on 
the particular piece on which this device was used were 0.0005 
inch on the diameter. Feeding the wheel in on the work by 
power feed has an advantage over the hand feed, inasmuch as no 
feeding is done if the belt driving the work-spindle slips. When 
an operator is feeding the wheel in by hand, care must be taken 
to see that the work runs smoothly, or eke flats will be pro- 
duced on the work. Of course, if the wheel is allowed to dwell 
at the end of the cut, these flats will be eliminated in most cases. 

Multiple Diameter Grinding. — When a cylindrical part has 
a number of different diameters, these may be finished simul- 
taneously by form grinding, provided the sum of the lengths 
of all the surfaces does not exceed the width of the widest wheel 
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which can be used on the machine. The procedure is to form 
as many diameters on the wheel as are required on the work, 
there being corresponding differences in the radii; the work is 
then ground by feeding the wheel straight in, the same as for 
any form grinding operation. If there is little difference be- 
tween the various diameters, it is not economical to rough-turn 
them in the lathe, the method being to simply rough-turn a 
cylindrical piece slightly larger than the largest size and allow 
the grinding wheel to grind away the smaller portions. While 
this method makes it necessary to true the wheel oftener, it is 
usually cheaper than attempting to rough-turn each size, pro- 
vided the diameter differences are small, as previously mentioned. 
The length of the different surfaces may be such that it is not 
practicable to grind them simultaneously by using a form wheel, 
and a plain wheel, that grinds each diameter independently, 
must be employed. In order to facilitate work of this kind, the 
Norton Grinding Co. designed a device for positively and accu- 
rately locating a plain wheel in two or more positions for grind- 
ing different diameters. Incidentally, this same locating device 
can be used for setting the grinding wheel when truing its face 
for different diameters preparatory to form grinding. This 
locating attachment (which is shown in Fig. 7, Chapter Vill) 
is composed of a ring that is attached to the regular index-crank 
or handwheel by means of which the movement of the wheel 
slide is controlled. On the periphery of this ring there is a 
dovetail slot in which any desired number of stop-blocks may 
be fastened. These blocks are engaged by a pivoted stop-arm, 
and, by adjusting them in different positions, the grinding 
wheel may be accurately located. For instance, when grinding 
a part having three diameters, three blocks would be attached 
to the ring in positions that would locate the wheel for grinding 
exactly the right diameters in each case. After grinding one 
size, the handwheel would be moved until the stop-arm made 
contact with the next block; the grinding wheel would be lo- 
cated in a similar manner for finishing the third diameter. After 
the blocks are once set, obviously, they form a convenient 
means for setting the machine when grinding duplicate parts. 
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If, instead of grinding with a plain wheel, the object were to 
produce two different diameters on the wheel for form grinding, 
the procedure would be somewhat different. First the wheel 
would be trued straight across the face with the first block 
against the stop-arm. Then the handwheel would be turned 
until the second block engaged the stop-arm, thus advancing 
the grinding wheel towards the diamond an amount depending 
upon the distance between the blocks. A certain part of the 
wheel-face would be then trued to this smaller size. 



Form Grinding Transmission Shafts. — The finishing of trans- 
mission shafts for automobiles is a good example of the advan- 
tages to be gained by the use of wide wheels fed straight in on 
the work. Fig. 3 illustrates a "special-purpose" Norton plain 
grinding machine set up for this work in the plant of the Ford 
Motor Co. This shaft is brought directly from the lathe turning 
operation and is finished complete at the rate of 550 in eight 
hours to limits of 0.0005 ^^^ on the diameter. As is shown 
at B, in Fig. 4, a No. 24 and 38 combination grain alundum 
wheel is used for the job, the wheel being 6 inches wide and 
30 inches diameter. A, in Fig. 4, shows a transmission main 
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Vorfc: — TmnamisiiaD main drive 3baft,o.20 per ceal carbon opcD-hnrth atnl* catbaniztd 
and hirdeiMiL 

Optratloa: — Stnught-in (riDding taper wilh a Morton (vitrified) alunduin comtHiutkiii 
wbea, jfaio 38-H. firadc L; lOiDchca dianieiM, ili bch face; iiaS R. P.M. — 6000 (eeiiur- 
faa speed; work ipeed, xo R.P.M. — 70 feet avera^ lurlace ipeed; aoHunt removed from 



Woifc : — Transmisrion ihalt, o.» to o.sj per tcot carton. o.oiB percent vanadium alloy 



Opentlaa: — Straight-in grinding bIibqIe with a Morton (vitrilledl alundum comblDation 
"h«l,gi»inj8-34. grade L; id inchia diuneur. 6 inch (ace; speed. nj6R.P,M. — 6000 feet 
surface speed; work speed. 150 R.P.M. — ^9 feet surface speed; amount nmoved from diam- 

RsBUIfca: — Wide-face srbcel is fed straight in an work, not travelled; 6 J pieces turned 
out to eacb tniiop of vbeel; pnxluctian, s;o piccea in eight houn; machine used, 10 1^ 14 
inch Norton special-purpaK plain grinding nuchine. 



Fl(. 4. Foim Grinding Opeiationa on Automobile TraatiiilBsioii SlufU 



98 



FORM GRINDING 



DRIVER ON THIS END 

\ 




ENTER 



ROUOH 0.677 



oRiND o.Bea'i:51*SS5« 

—0.000ft 



2faeMMry 



Wock: — Automobile drive shaft, o. so per cent carbon, chrome-nkkel vanadium, hot-rolled 
sted bar, heat-treated. 

Operatioii: — Straight-in grinding plain bearing with a Norton (vitrified) alundum com- 
bination wheel, grain 38-24, grade L; 20 inches diameter, sVi inch face; Z146 RJP.M. — 6000 
feet surface speed; work speed, 200 R.P.M. — 55 feet surface speed; amount removed from 
diameter, j>^o to 0x40 inch. 

Remaiks; — Wide-face wheel is fed straight in on work, not travened; 60 pieces turned 
out to each truing of wheel; prodUbtion. 375 pieces in eight hours; marhinr used, xo by 50 
inch, Norton speaal-purpose plain grinding machine. 

B 

Wock: — Automobile spring shackle. 0.20 per cent carbon, o.z8 per cent vanadium drop- 
f ocging, heat-treated. 

Operation: — Straight-in grinding shank with a Norton (vitrified) alundum wheel, grain 
46, grade O: 20 inches diameter, 2 mch face; 1146 R.P.M. — 6000 feet surface speed; work 
speed, 480 R.P.M. — 71 feet surface speed; amount removed from diameter, 0.0x2 to o.oxs 
inch. 

RenuiAi; — Wtde-faoe wheel is fed straight in on work, not travened: 22 pieces turned 
out to each truing of wheel; production, X400 pieces in eight hours; machine used 6 by jj 
inch Norton plain grinding machine. 



Fig. 5. (A) Automobile Drive Shaft (B) Aotomobile Spring SbacUe 

drive shaft on which a taper bearing is being ground. Li this 
case, the same grain and grade of wheel is used, but the work 
speed is much higher. 

The automobile drive shaft shown at il, in Fig. 5, is another 
good example of "straight-in" grinding. In this case, a wheel 
5J inches wide is used and the work is finished to a limit of o.ooi 
inch on the diameter. The same grade and grain of wheel is 
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used as for the parts shown in Fig. 4, but the work speed has 
been slightly increased over the example shown at B. This 
increase in speed, however, is not beyond the limits of the grain 
and grade of the wheel used. The automobile spring shackle 
shown at B, in Fig. 5, illustrates one point previously stated 
regarding the work speed. In this case, it will be noticed that 
an alundum wheel, grain 46, grade O, is used, and the surface 
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speed is 71 feet. This high speed is permissible because the 
grain is much finer tlian for example A and the bond harder. 
Fig. 6 shows two interesting examples of fonn grinding. One 
is a transmission countershaft which is made from 0.20 per cent 
carbon open-hearth steel, carbonized and hardened, and the 
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Work: — Rear axle shaft, 0.20 per cent carbon, 0.18 per cent vanadium alloy steel bar, hot- 
rolled and heat-treated; allowance 0.030 to 0.040 inch left on all diameters for grinding: 
wheel fed straight in on work without traverse; wheel allowed to dwell at end of cut until 
practically no sparks show; grinding limit o.ooi inch on straight portions of shaft; three 
operations on a 10 by 36 inch Norton special-purpose plain grinding machine. 

Opeimtion A: — Wheel, Norton (vitrified) alundum combination, grain 38-24; grade L; 
30 inches diameter. 6V^ inch face; speed, 1x46 R.P.M. — 6000 feet surface speed; woric speed, 
300 R.P.M. — 5^ feet surface spoBd; 60 pieces turned out to each tniing of wheel; production, 
350 pieces in eight hours. 

Opetttion B : — Wheel, same as above; same data also applies to wheel speed, woric speed, 
production, etc. 

Opeimtion C: — Wheel, Norton (vitrified) alundum combination, grain 38-24, grade L; 
ao inches diameter, 3 ^ inch face; speed, 1146 R.P.M. — 6000 feet surface speed; work speed, 
200 R.P.M. — 51 feet average surface speed; 60 pieces turned out per eacn truing of wheel; 
production, 450 pieces in eight hours. 



Fig. 8. Finiihing a Ford Rear Axle Shaft Complete by Form-wheel 

Method 

other is a front axle spindle bolt made from the same 
material. 

Grinding Automobile Gear Shafts. — Two examples of form 
grinding on automobile parts are shown in Fig. 7. A main 
drive gear shaft is illustrated at A on which three diameters are 
finished by means of feeding the wheel straight in on the work 
without any lateral traverse. Diameters a and b are finished 
at the same time, whereas diameter c is finished by moving 
the work over, thus locating the wheel in the position indicated 
by the dotted lines. 

The idler gear shaft shown at B (Fig. 7) is a little more difficult 
to grind; it has two diameters and the difference between these 



102 FORM GRINDING 

two diameters is only 0.0025 inch, necessitating very careful 
truing of the grinding wheel. To accomplish this, the grinding 
machine is provided with stops, so that the wheel truing device 
can be brought to the proper position each time for truing the 
wheel. The centers in the work are also center-reamed to the 
same depth, so as to bring the work in the correct relation to 
the wheel. 

Form Grinding a Rear Axle Shaft. — The rear axle shaft 
shown in Fig. 8 is a good example of the straight-in method of 
grinding. Referring to this illustration, it will be seen that 
three different surfaces are ground by feeding the wheel straight 



in on the work. For one diameter, a wheel 6i-inch face is used, 
for another, a 6-inch face wheel, and for the third or tapered 
end, a wheel 3J-inch face is used. On this work, Norton spe- 
dal-purpose plain grinding machines are used. Fig. g shows 
how the work is supported while operation B is being performed. 
Here it will be seen that a Norton rigid steadyrest, of the type 
shown in Fig. 10, Chapter I, is used, carrying a hardened steel 
work-shoe. In order to grind this bearing absolutely true, 
knob A for operating the steadyrest shoe is adjusted to spring 
the work against the wheel as it is being finished to the required 
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diameter. Another interesting [>oint about this job is the 
type of water-spout used. In this case, it will be noticed that 
a special water-spout made from sheet metal has been slipped 
over the regular spout. This spout B (which, in the illustration, 
is shown moved to one side to give a clear view of the wheel- 
face) is made fan-shaped and throws a stream of cutting lu- 
bricant across the entire width of face of the grinding wheel. 
The stream of cutting lubricant directed by this spout is also 
"thin," thus reducing splashing. 

Grinding Motor Armature Shafts. — The motor armature 
shaft shown in Fig. lo is another good example of straight-in 
grindiag. In this case, the wheel used is not wide as compared 
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Machinerif 



Work: — Electric starter shaft, cold-rolled steel; ground after rough-turning operation 
when soft; allowance of 0.018 inch left on all diameters for grinding; wheel fed straight in on 
work without traverse; in-feed, 0.003 inch per revolution of work; wheel allowed to dwell at 
end of cut until practically no sparks show; grinding limit, 0.00025 inch on all diameters; five 
operations performed on four B. & S. plain grinding machines; output, xoo shafts per hour 
from each machine. 

OpeimtioaA: — Wheel, Norton (vitrified) alundum, 3 inches by 14 inches, combination 
grain 38-36, grade L; speed, 1450 R.P.M. — 5314 feet surface speed; trued with diamond 
for every 80 snalts ground; work speed, z88 R.P.M. — 54 feet surface speed. 

Operation B: — Wheel, Norton (vitrified) alundum, 2 inches by 14 inches, combination 
grain 38-36, grade L; speed, 1450 R.P.M. — 5314 feet surface speed; trued with diamond 
after every 80 shafts ground; work speed, 1S8 R.P.M. — 44 feet surface speed. 



i 



OpeimtioaC: — Wheel, Norton (vitrified) alundum. H by 14 inches, combination grain 
8-36, grade L; speed, 1450 R.P.M. — 5314 feet surface speed; work speed, 188 R.P.M. — 40 
eet surface speed. 



Operation D: — Wheel, Norton (vitrified) alundum. iH inch by 14 inches, combination 
grain 38-46, grade K; speed, 1450 R.P.M. — 5314 f«et surface speed; trued after every 80 
shafts with special diamond truing device carrying two diamonds; work speed, x88 R.P.M. — 
43 feet average surface speed. 



Fig. IX. Shaft requiring Four Form-grinding Operations 
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with the other examples that have been shown. This aj-inch 
face wheel, however, covers all the shoulders on the shaft except 
shoulder / which is 4.536 inches long. When grinding these 
shafts, one shotilder is ground at a time on about one-himdred 
shafts; then the operator shifts the position of the work-table in 
relation to the wheel and grinds the second shoulder, and so on 
until all the shoulders except / have been finished; for this 
shoulder the work is traversed past the wheel. Shoulder F is 
ground with a slight taper, and, for grinding this part, it is 
necessary to true the wheel to a corresponding taper. 



.Ftf. ta. Orisdinc Two DUmeMn SinmlUnMiMlT on End ol Shaft 

Grinding Electric Starter Shafts. — The electric starter shaft 
shown in Fig. 11 is another example which illustrates the advan- 
tages of form grinding on shafts of the multi-shoulder variety. 
This particular electric starter shaft is made from cold-rolled 
steel and has five diameters that are ground by feeding tiie 
wheel straight in on the work. Three of the diameters require 
separate settings for each operation, whereas two diameters are 
ground by forming the wheel to cover both dimensions at the 
same time. In this way, five operations are performed on four 
machines, and the product from each machine is 100 shafts 
per hour. For performing operation D, a stop b provided on 
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Mackinerif 
Work: — Pump gear blank, 0.30 per cent carb(» sted, not hardened. 

OpemtiMi: — Straight-in grinding three diameters with an American (vitrified) corundum 
wheel, combination grain 5S-46, grade L; 14 inches diameter, z^ inch face; speed, 1773 
R.P.M. — 6500 feet surface speed; work speed, small diameters, 441 R.P.M. — 6s feet surface 
speed; amount removed from diameter, 0.015 inch. 

Reouiln: — Wide-face wheel is fed straight in on work without lateral traverse at the rate 
of 0.OC05 inch per revolution of the work; zoo pieces turned out to each truing of wheel ^ work 
put through in lots of 100 pieces; production, zoo pieces in two hours, eighteen nunutes; 
mi^rhin^ uscd, No. iz Browu & Sharpe plain grinding machine. 



Fig. 13. Example of Work for which Form-grinding Method proved 

very Efficient 

the machine for locating the wheel laterally in the correct rela- 
tion to the work. This comprises a block L (see Fig. 2) ful- 
crumed in bracket M which can be swung down out of the way 
when truing the grinding wheel. The work is then relocated 
by moving block L into place between the two set-screws N and 
O. As shown in Fig. 12, the diamond truing device consists of 
two rods A and B, which are held in the holder in an angular 
position so as to bring their two forward ends about i§ inch 
apart. The plungers holding the diamonds are operated by 
micrometer screws so that each diamond point is adjustable 
independently. 

Examples showing Advantages of Form Grinding. — The 
example of straight-in grinding shown in Fig. 13 is an excellent 
illustration of the advantage of this method as compared with 
traverse grinding. When this particular part was ground by 
the traverse method, the time for 100 pieces was seven hours, 
thirty minutes. By bringing the wheel straight in on the work, 
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the time was reduced on icx> pieces to two hours, eighteen 
minutes, without sacrificing accuracy or finish of work. The 
cast-iron pinion shown at 5 in Fig. 14 is another example which 
illustrates the advantage of straight-in grinding over traversing 
the wheel. On a lot of 100 pieces, the previous time by the trav- 
ersing method was seven hours, forty-eight minutes. This time 
was reduced almost one-half by bringing the wheel straight in 
on the work, the grinding then being done in four hours, thirty 
minutes. The example A in Fig. 14 shows a little closer time 
between the traversmg and straight-in methods of grinding. 
On forty pieces, the time required for traversing the wheel was 
twenty-six minutes, twenty-six seconds, and by bringing the 
wheel straight in on the work, the time for forty pieces was 
twenty-one minutes, twelve seconds — a gain of about five min- 
utes. The reason that the straight-in method shows such a 
slight advantage in this case is because of the slendemess of the 
work and the care with which it has to be handled. The gain, 
however, is suflSicient to warrant the use of the straight-in 
method of grinding in preference to traversing the work. 

The example of straight-in grinding shown at B in Fig. 15 
illustrates an important point in regard to operating the ma- 
chine. On account of the shape of this particular part, it is 
necessary to use a special driver which is not readily put in 
place, and two methods were adopted for operating the machine. 
One method was to have a man mount the work and operate 
the machine; by this method the time for 100 pieces was 
fifty-three minutes. By having two men, one helper and one 
machine operator, the time on 100 pieces was reduced to forty- 
three minutes. For truing up the grinding wheel, a special 
truing device having three diamond holders was used, so that all 
three diameters on the wheel could be trued up at the same 
setting. 

Grinding a Cylindrical and Conical Surface. — The cream 
separator bowl shell shown at i4 in Fig. 15 illustrates an ex- 
ample of work for which the form wheel method of grinding is 
particularly adapted. In this case, tapered and straight sur- 
faces have to be finished, and the method of accomplishing this 
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is to first feed the wheel straight in to rough diameter A to 
within about 0.003 ^^ ^^ ^^ finished size. Then the work is 
moved sidewise so as to finish-bevel surface B, The work is 
again moved back from the wheel about 0.004 iiich, whereupon 
the wheel is fed straight in to finish surface A, and, at the same 
time, take a light finishing cut from surface B. In this way, 
both surfaces are finished accurately. 

Grinding Rifle Barrels. — The grinding of rifle barrels in 
large quantities has necessitated devising special equipment 
and means for handling the work expeditiously. It is no excep- 
tion, therefore, to find that the wide face grinding wheel has 
been adapted with success to this work. Fig. 16 shows a Norton 
10- by 36-mch plain grinding machine arranged for rifle barrel 
grinding. This particular rifle barrel, shown in Fig. 17, is 
over 26 inches long and is practically ground throughout its 
entire length. The barrel is groimd taper from the muzzle up to 
within a short distance of the breech end and terminates in a 
lo-inch radius. The wheel used for this purpose is 5 inches 
wide, 20 inches in diameter, and is trued with a lo-inch radius 
for about one-half its face width, the remaining part of the face 
being trued straight. The swivel table of the machine is ad- 
justed to the required taper. 

This barrel is made from an imannealed forging of from 0.45 
to 0.50 per cent carbon content. Usually it is ground after 
the bore of the barrel has been reamed, and, in some cases, slugs 
are inserted in the ends instead of having the centers fit directly 
in the bore. On this particular barrel, the external diameter is 
finished by the power and hand traverse methods. The taper 
portion of the barrel is groimd by traversing the work past the 
wheel by power, whereas the curved surface is finished by hand. 
The operator, as soon as he finished the taper, brings the work 
slowly up against the radius on the wheel and finishes this por- 
tion of the barrel to shape and size. 

On an average, thirty-five to forty barrels can be turned out 
between each truing of the wheel, but the straight portion of 
the wheel requires to be trued about twice for every truing of 
the curved section. The truing is done by taking a very light 
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cut with the diamond from the face of the wheel and does not 
change the size of the wheel perceptibly. The rate at which 
the work is traversed past the wheel varies to a considerable 
extent, but the usual practice is to take light cuts with coarse 
traverse feeds, practically the full width of the wheel being 
used per revolution of the work for roughing. Three standard 
Norton rigid steadyrests, located from 8 to lo inches apart, are 
used for supporting the work. These steadyrests carry hard- 
ened and ground steel shoes which are fiuoished to the same 
taper as that on the barrel. 
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Work: — Rifle barrd, oj^s to 0.50 per cent carbon unannealed steel forgings. 

Operation: — Grinding taper and radius with a Norton (vitrified) combination wheel, grain 
38-36, grade K; ao inches diameter, 5 inch face; speed, 1x84 R.P.M. — 6aoo feet surface 
speed; work speed, 150 R.P.M. — 35 feet average surface speed; amount removed from 
diameter, 0.0x5 to 0.020 inch. 

Remarks: — Power traverM is used for grinding taper, and upon completion of this section, 
work is fed slowly by hand against wheel to finish radius; 35 to ao barrels to each truing of 
wheel; three rigid steadyrests used 8 to 10 inches apart; production, 20 completed rifle 
barrels per hour; machine used, 10 by 36 inch Norton plain grinding machine. 



Fig. Z7« One-operation Method of Grinding Rifle Barrel 

Another interesting example of rifle barrel grinding is shown 
in Fig. 18. As will be seen by referring to these diagrams, this 
rifle barrel is handled in an entirely different manner from the 
one previously referred to. Instead of traversing the wheel 
along the work straight from the radius section to the muzzle, 
the wheel is fed in at intervals along the diameter of the work, 
the reason for this being that the taper on the barrel is not con- 
tinuous but changes at five points. To complete the barrel re- 
quires five operations and five Norton lo- by 36-inch plain 
grinding machines which are fitted up with special attachments 
for this work. 

For performing operation A, the machine is provided with a 
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headstock locating attachment which fits over a locating block 
on the left-hand end of the table, so that the headstock can be 
brought up until the center engages with the center hole in the 
locating attachment. The locating block for the headstock is 
common to all of the five machines used for this work. This 
device is provided for relocating the headstock after the center 
has been ground, which is necessary because of the wear that 
takes place. Operation A consists in spotting the barrel in the 
center, and the locating block on the swivel table is placed 
properly for locating the steadyrest to support the work at this 
point. The table is located by a pin at the front of the base 
which engages with a slot in a block attached to the sliding 
table. In this way the rifle barrel is always in the correct 
position relative to the grinding wheel for spotting the center 
of the barrel. 

The second locating block on the sliding table (shown to the 
right of the one just mentioned) is used for locating the table 
when the wheel truing device is being used. For operation A, 
the swivel table is set in the correct position for grinding straight 
work, and the former on the truing device is provided with the 
necessary double taper so as to produce the correct shape on the 
face of the 3-inch wheel. After the first barrel has been ground, 
the micrometer stops on the steadyrests and the positive stops 
on the cross-feed mechanism are properly set to obtain the 
correct diameter on the barrel. These stops are left in this 
position until it is necessary to adjust them as the wheel wears 
down. The shoes used in the steadyrests are made from hard- 
ened steel and are ground to fit the shape of the barrel at the 
points where they contact with it. 

Operation B consists in spotting the barrel by the use of a 
4-inch face wheel close to the breech end. For supporting the 
barrel for this operation, a cap-type steadyrest is placed on the 
table in the correct position by means of a locating block, and 
the shoe of this rest engages that portion of the barrel that has 
already been ground. A regular type solid steadyrest is placed 
on the table directly in front of the grinding wheel to give addi- 
tional support to the work. A locating pin engaging with the 
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table locating block is attached to the sliding table and correctly 
locates the work, with reference to the grinding wheel for this 
operation, as was the case in operation A. The wheel truing 
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device, in this case, also has two tapers so as to produce the cor- 
rect shape on the face of the grinding wheel. When perfonning 
this operation, the swivel table is set, as before, for grinding 
straight work, the wheel being trued to the correct taper. 

Operation C consists in traversing the work past a 3-inch face 
wheel. For this operation, the table is adjusted to the required 
taper and two cap-type steadyrests are located, as indicated, 
for supporting the work. In this operation, the two tapers pro- 
duced by the form wheels in operafions A and B are matched 
up. The wheel is trued by using the table traverse, the diamond 
being held in a holder attached to the footstock of the machine. 



Hg. 19. Grinding ShrmpiMl Shell on Hoitoa Spadal-poipoM 
Grindlnt HacUM 

Operation D is also a traverse grinding operarion and the 
headstock, is located in the same manner as for operation A. 
A cap-type steadyrest is used at the center of the barrel and is 
located by the block on the swivel table. A regular type steady- 
rest is placed to the right of the cap-type steadyrest and is also 
located in the correct position by means of a locating block. 
The swivel table is adjusted to the correct taper and a 3-inch 
face grinding wheel is used. The power traverse is used for 
this traverse grinding operation. The grinding wheel is trued 
by means of a diamond carried in the holder on the footstock 
of the machine. 

Operation E ts performed in a somewhat ^milar manner to 
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operation D and is the final operation on the barrel. The pro- 
duction from each machine is figured on a basis of thirty-five 
rifle barrels per hour, giving a total of about 350 completed 
rifle barrels in ten hours from five machines. For grinding 
this barrel, it will be noted that full advantage is taken of the 
wide face wheel, trued to different tapers, and bringing it straight 
in on the work. This, combined with traversing the work, en- 
ables the greatest production to be obtained on this peculiar 
shape of rifle barrel. 

Form Grinding Shrapnel Shells. — Many shrapnel shells 
are finished by grinding. The interior surface of the shell is 
rough-turned to within from 0.030 to 0.080 inch of the finished 
size and is then finished to the required limits and shape by 




Fig. ao. DUgrtm showing Sderoscope Hardness Test of Heat- 
treated Shrapnel Shell at Various Points along its Surface 

grinding, as shown in Fig. 19. It is claimed that the finishing 
operations are more speedily performed in this manner and that a 
more accurate and concentric shell is produced. 

The varied heat-treatment given to the shell on the closed 
end and "nose" leaves it harder in some sections than others, 
as indicated in Fig. 20. The section £, 2\ inches from the 
closed end of the shell, must strike from 42 to 50 on the scle- 
roscope, and the section A at the nose must strike between 20 
and 25. The section marked Z), or that part of it to the left of 
the line that marks the limit of the heat-treating on the closed 
end, has not been heat-treated at all, and, partly on this account 
and also because of the gradually diminishing thickness of the 
shell along this section, it strikes between 40 and 45, decreasing 
as the thickness of the wall diminishes, until at C, the section 
strikes but 35. Section B, adjacent to the annealed nose of 
the shell, strikes about 30 on the scleroscope. 



GRINDING SHRAPNEL SHELLS 



117 



Some manufacturers do not subject the shell to this heat- 
treating and tempering process and omit the annealing and 
machining of the nose after the nosing in operation. This 
leaves the nose with considerable stock to remove and in such 
a condition, as regards hardness, that the grinding machine 
becomes a necessity. On account of these varying degrees of 
hardness of the shrapnel shell, it will be seen that it is difficult 
to secure wheels of the right grain and grade to suit all of these 
conditions. The Norton Grinding Co. has developed methods 
of grinding shrapnel shells and the following illustrations and 
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Fig. az. Two-operation Method of Grinding Shrapnel Shells 

description apply to the work as done on Norton grinding 
machines. 

Fig. 21 shows the two-operation method of grinding a shrapnel 
shell. Section Aj at the open end of the shell, is covered by a 
wide-faced wheel formed to shape that finishes the radius on the 
nose at one in-feeding of the wheel. Sections B, C, and D are 
covered by a wide-faced wheel formed to shape so as to finish 
these three surfaces at one in-feeding of the wheel. Section E, 
at the closed end of the shell, is finished completely by turning. 

Some manufacturers use a three-operation method of grinding 
the shrapnel shell, as illustrated in Fig. 22. In this case, the 
sections A and D are first ground with the same wheel, as Amer- 
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ican manufacturers deem it advisable to grind surface A rather 
than to fiuoish it by tinning. The second stage in this grinding 
is the finishing of the nose E with a formed wheel, and the 
third stage is the finish-grinding of the body at points B and C 
The procedure followed in grinding shrapnel shells by the 
two-operation method is first to screw plugs into the open end 
of the shells, as shown in Fig. 21. The outer ends of these 
plugs are centered, and the projection, left on the dosed end 
of the shell with the center intact, acts as a means of supporting 
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Fig. 22. Three-operation Method of Grinding Shrapnel Shells 

the shell. Some Canadian manufacturers vary this practice 
by cutting off the center projection on the closed end of the 
shell and fitting a cap with a center hole over the closed end. 
Others use a ball-bearing cup center to carry the dosed end. 
American manufacturers, however, leave the center projection 
on the shell until after the grinding has been finished. 

In grinding the nose end of the shell, the amoimt of metal 
removed varies from 0.020 to 0.090 inch on the diameter. The 
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grinding wheel operates at from 6000 to 6250 surface feet per 
minute. The speed of the work is 75 revolutions per minute, 
or a surface speed of practically 75 feet, and the machine used 
is a Norton 6- by 32-inch plain grinder. The wheel used is 
generally 14 inches diameter by 2 J inches face. The wheel 
requires truing for every five to twenty shells, .depending upon 
the amoimt of metal removed and the hardness of the shell. 
For truing, a simple radius fixture carrying a diamond is used. 
This wheel truing device is appUed in the same manner as the 
steadyrests used for supporting the work. The diamond is 
mounted in a swinging a^ that is operated by a hand lever. 
By successive cuts across the wheel, the desired shape is attained. 

For grinding the body, either a 10- by 24-inch special-purpose 
machine or a 10- by 36-inch grinding machine is employed. 
The amoimt of metal removed from the body varies from 0.030 
to 0.07 s ^^ o^ ^^ diameter, and the limits vary from 0.002 
to o.oio inch, depending largely on the requirements of the 
plant in which the work is being done. The wheel used on the 
body is 20 inches in diameter, 6 inches wide, and is shaped 
somewhat like an ordinary straight cup- wheel, except that the 
annular wall of the wheel is thicker to allow for wear and wheel 
truing, inasmuch as the grinding is done on the periphery. The 
wheel is trued to conform to a required shape by means of a 
special truing device. This is so arranged that the diamond, 
while being traversed across the wheel-face, is made to follow 
the contour of a former, the shape of which is thus reproduced 
on the grinding wheel. 

For grinding the body, the wheel must be trued after from 
ten to twenty-five shells have been ground, depending upon the 
amoimt of metal removed and the hardness of the shell. In 
grinding shrapnel shells, the usual method is to fit a lot of the 
shells with the driving plugs and carry them all through to 
completion before removing the plugs. 

Fonn Grinding Splined Shafts. — Splined shafts for auto- 
mobile transmissions illustrate another application of the form 
wheel to straight and circular surfaces. For this class of work, 
the No. 20 Bath multiple-key shaft grinding machine shown in 
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Fig. 23 is adapted. This madune carries a form wheel which 
simultaneously works on both sides of the spline and also on the 
radius between the splines. The wheel is kept trued to the 
proper shape by means of the special wheel-truing device shown 
to the right of the illustration; this is described in Chapter 
VIII (see Figs. 23 and 24}. 

The work is held on centers and is driven by a dog in the usual 
manner. The head carrying the headstock center is rotated 
to index the work for grinding the various splines and several 
different methods are used for accomplishing this work. On 
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the main drive shaft, shown at ^4 in Fig. 24, the method of grind- 
ing is to first rough-grind all around the shaft to within 0.002 
inch of the finished size, then true up the wheel with a special 
wheel-truing device, and take a finishing cut all around, four to 
five traverses per each spUne being made for roughing and 
two traverses for finishing. 

In the example shown at B, which is practically the same type 
of shaft, the method of handling is the same but a different 
wheel is used. For example A, a Detroit combination wheel, 
grain 10-14, grade F, is used. This wheel is a combination 
of two different size grains and two different bonds; the sides 
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Woffc: — Main tnummlwion drive shaft, o.ao per cent carbon, open-hearth steel, carbonized 
and hardened. 

Operation: — Form grinding splines and radius with a Detroit (vitrified) combination 
whed. grain xo-14, grade F; 6 mcnes diameter, z inch face; speed, 3x85 R.P.M. — 5000 feet 
surface speed; traverse work speed, 4.3 linear feet per minute; amount removed, o.ozo inch 
from each side of splines; o.oao inch from diameter. 

Renuoka: — Sides of splines and radius are first rough-ground all around to within o.ooa 
inch of finished size, then wheel is trued with a special wbed-truing device and shaft is finish- 
ground all around; number of traverses, four to five for each si^line for roughing, two traverses 
lor finishing. A combination wheel with hard bonded fine gram sid/es, and soft bonded coarse 

train center is used; production, 60 pieces in ten hours; machine ysed, No. ao Bath multiple- 
ey shaft grinding machine. 

B 

Woik : — Main transmission drive ahaft, 0.50 per cent carbon sted drop-forging, hardened. 

Operation: — Form grinding splines and radius with a Norton (vitrified) alundum wheel, 
grain 46, grade M; sH mches diameter, i inch face; 2500 R.P.M. — 2125 feet surface speed; 
traverse work speed, S\i linear feet per minute; amount removed 0.007 to o.oio inch from each 
aide of the splines; 0.014 to 0.030 inch from diameter. 

Remaiks: — Sides of splines and radius are firat rough-ground by indexing the work after 
each traverse of the wheel, and two or three complete indexmgs made for roughing and finish- 
ing; wheel trued with special truing device; 12 to 15 pieces turned out per truing of wheel; 
8 reduction, xoo pieces in nine hours; 300 pieces ground by one wheel; machine used. No. 20 
lath multiple-key shaft grinding machine. 



Fig. 24. SpUned Transmission Shafts produced by Form Grinding 

of the wheel which operate on the splines are of fine grain, hard 
bond, whereas the center is of coarse grain and soft bond. For 
the example shown at B, the wheel used is a Norton alundum, 
grain 46, grade M, of practically a -uniform grain throughout, 
and is not of harder bond on the sides than in the center. With 
the wheel used in example i4, it is necessary to true it up before 
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taking the finishing cuts on every piece, whereas the wheel used 
in example B turns out from twelve to fifteen pieces to each 
truing of the wheel. The production in example A is sixty pieces 
in ten hours, whereas the production at B is loo pieces in nine 
hours. From a study of these two examples of work, it would 
appear that a hard side, soft center wheel is not as satisfactory, 
from a production standpoint, as a wheel of an even bond and 
grain throughout. 

Form Grinding Crowned Pulleys. — One of the very simple 
and effective discoveries in the application of belting to the trans- 
mission of power has been the crowning of the face of the 
pulley, i.e., makmg the center larger in diameter than the edges, 
for the purpose of guiding the belt in a straight line and 
thereby keeping it in position without using such mechanical 
means as belt guides or flanges for this purpose. 

Some authorities reconmiend that the height of the crown 
should be ^^^ of the width of the face of the pulley, some 5^, 
some from i to J inch in height per foot of width. The crown- 
ing or increasing of the diameter of the pulley at the center 
makes it possible to. dispense with flanges or mechanical means 
for guiding the belt, due to the tendency on the part of the belt 
to always climb to the high point on the pulley. Consequently, 
the crown has but one object, and that is to guide the belt. The 
ideal condition for the transmission of power, insuring the 
greatest efficiency of the belt, is when the face of the pulley 
is absolutely straight and true. Therefore, the nearer we can 
approach this condition, the more efficient will be the belt. 

There are two principal factors which determine the position 
that a belt takes upon a crowned pulley, and these are modified 
by each other. First: The exact location of the highest point 
of the crown on the face of the pulley. Second: The diameter 
of the two extreme edges of the pulley. To insure the belt 
driving in its proper place on the pulley, the highest point of 
the crown should be exactly in the center and the two edges 
of the pulley of exactly the same diameter. 

The common method of crowning pulleys in general use is 
by two tapers, as illustrated in the left-hand view of Fig. 25. 



GRINDING CROWNED PULLEYS 1 23 
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This method is selected principally because of its easy applica- 
tion in manufacturing (excluding the grinding process as a 
means of producing crowns) but has always been looked upon 
as being inefficient. The curved-face crown, when the curve 
can be held uniform throughout, is a better means of crowning 
and more eflfective. The illustration of the position of the belt 
in Fig. 25 has been exaggerated to show the eflfect of crowning 
the pulley by the two-taper process. It will be noticed that 
the greatest tension on the belt is at point C, and naturally a 
strain is imposed at this point. The really eflfective driving is 
done somewhere between the center and outside edges and may 
be represented by the space between A and B. Because of the 
stiflFness of the belt (which is increased as the speed increases), 
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Fig. 25. Belt Contact on Pulley haying a Double-taper Crown — Belt 
Contact when Crown is formed by a Uniform Curve 

the belt has a tendency to assume the position shown by the 
illustration. In actual practice, the pressure between the two 
extreme edges varies at different points, being the least near the 
edges and the greatest at the center. The real effective driving 
portion of the belt is between the points A and B, 

On the right of the same illustration is shown a pulley crowned 
by the form grinding process, employing a straight-in cut. It 
will be seen that this crown has a symmetrical curve throughout 
the entire face of the pulley. By this practice, it is possible 
to produce pulleys with a crown of the minimum height, and, 
because of the accuracy of the crown, it will still guide the belt. 
The two extreme diameters on the edges of the pulley are held 
to a given dimension within a limit of o.ooi inch, the curve 
being symmetrical from edge to edge, which insures the highest 
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point of the crown coining at the center and gradually decreas- 
ing toward the edges with no abrupt differences in diameter 
from point to point. The fact that the belt lies uniformly over 
the face of the crown and approaches the ideal condition of a 
flat surface on the pulley insures driving qualities and a power 
transmitting ability in the belt which are materially greater 
than when a crown is employed using the two-taper method. 

Extensive investigations on the shape and height of the crown 
for pulleys indicate that, for ordinary conditions employed in 
the operation of machine tools, and with the ordinary materials 
generally used for such purposes, the speeds, belts (whether 
leather or cotton), etc., have little bearing on the required 
height of crown to insure a satisfactory guiding of the belt, if 
such a crown is produced by grinding. The width of the face 
of the pulley is really the only important factor. This follows 
because of the possibility of producing the pulley face with a 
curve which is symmetrical throughout from edge to edge and 
with diameters at the extreme edges of the pulley so nearly 
alike that the effect of their difference is negligible. A formula 
used by the Norton Grinding Co. which, in actual practice, is 
producing satisfactory work is: ^^ of pulley face + 0.020 inch 
= height of crown. 

By the wide-face grinding process, it is also possible to produce, 
in addition to the crowning of the face, other shapes in connec- 
tion with the pulley diameter. For instance, special cone 
pulleys having angular faces joining one cone step to the adja- 
cent one may be formed at the same time that the crown is 
put on the various steps of the cone. This method is convenient 
in crowning the faces of tight and loose pulleys where the loose 
pulley is of a lesser diameter than the tight. A special fixture 
is necessary in doing such work. The fixture for truing the wheel 
to grind crowns is described in Chapter VIII. (See Fig. 20.) 

It must be remembered, in crowning pulley faces in this man- 
ner, that the wheel is fed straight in and does not travel later- 
ally, so that the form of the wheel-face is what actually produces 
the crown on the pulley. This is another phase of the applica- 
tion of the wide-face wheel and straight-in cuts for form grinding. 



CHAPTER m 
INTERNAL GRINDING 

Internal grinding, or the grinding of holes, is not only a broad 
subject but is one of great importance to the machine tool 
builder as well as the general manufacturer. Formerly, internal 
grinding was done only where hardened parts were used and the 
holes had to be finished to an exact size. In many cases, lapping 
was resorted to for finishing holes in the hardened pieces, only 
o.ooi or 0.002 inch being left for this purpose, in order that the 
operation should not take more time than absolutely necessary. 
The iQtemal grinding machine has completely displaced lapping 
from the rough, and, now, lapping as a finishing operation is 
used only when surfaces of great smoothness or extreme accu- 
racy are required. With the improvements made in internal 
grinding machines, the field has been developed and extended 
to such a degree that not only is it considered good practice to 
grind hardened work but also parts made of soft steel, cast 
iron, and bronze, whenever accuracy is necessary. 

Internal grinding is done both on universal grinding machines 
and on special types of machines designed exclusively for han- 
dling this work. The use of the universal grinding machine on 
this work is confined more particularly to tool-rooms for making 
jig bushings, and similar parts, and is not commonly employed 
in a manufacturing way for producing interchangeable work 
in large quantities. The reason is that the universal grinding 
machine being designed for handling plain grinding, face grind- 
ing, and internal grinding, cannot be so constructed as to be as 
efficient on any one line of work as a machine which is designed 
and built for that special purpose. 

Universal grinding machines are regularly furnished with 

internal grinding attachments consisting of a bracket supporting 

the grinding wheel and spindle which can be mounted on the 
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swivel base carrying the main grinding ^indle. Fig. i shows 
the internal grinding attachment furnished on a Brown & Sharpe 
universal grinding machine. This attachment is supported on 
the slide carrying the wheel-spindle, the slide being turned 
i8o degrees from the position it usually occupies when the 
machine is arranged for plain grinding. To use the internal 
grinding head, the wheel-spindle used in plain grinding is re- 
moved and a special arbor with pulley for driving the internal 
attachment is substituted. The vertical driving belt is crossed 
and the grinding spindle rotates as shown by the arrow. 



Tit. I. Intmul Griadliic Atudunent applied to Brown ft Shaip0 
DnivarMl Grindliic lliuliln* 

In operation, the grinding wheel may be brought in contact 
with either the front side or the rear ^de of the hole in the work. 
The relation of the wheel to the work differs, however, in gen- 
eral practice, among the makers of the different types of ma- 
chines; this point will be treated more fully later. 

Internal Grinding Machines. — There are two general types 
of internal grinding machines in use. In one type, the work 
head is stationary and the wheel-spindle is traversed to and 
from the work. The wheel-spindle moves forward and back 
during the grinding and is moved away from the work for the 
purpose of gaging. In the other type, the wheel-kindle is 
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supported by a stationary portion of the frame, and the work 
head is mounted on the table of the machine and travels to and 
from the grinding wheel. The former t>-pe is used to a large 
extent in machines especially designed for internal grinding, 
while the second type follows the construction of the universal 
grinding machine more closely 

Internal grinding machines, of course, are made in different 
sizes adapted for grinding a large range of work and also in 
small sizes with special features, in some cases, for grinding 
small holes exclusively. They may be subdivided, also, into 
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two classes: One adapted for internal grinding exclusively 
and another type in which a combination machine is furnished 
which will grind both internal and external diameters on the 
.work at the same chucking. In the following, one machine 
of each type will be illustrated and described. 

Heald Internal Grinding Machine. — A machine designed 
especially for internal grinding, which is built by the Heald 
Machine Co., is shown in Fig. 2. In this machine, the designer 
has departed from previous types, which were built on the plan 
of the universal grinding machine, and put the headstock on a 
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bridge at the left-hand end of the machme, giving it a finn and 
solid support. The grinding wheel-spindle is mounted on a 
cross-slide A carried on the main table B of the machine, which 
gives a solid support to the wheel-spindle. The wheel-spindle 
is driven from the overhead countershaft by a belt connecting 
with an idler pulley at the rear of the cross-slide, and the speed 
for the grinding spindle is controlled by the diameter of the 
pulley on this spindle. 

The speed at which the work rotates is varied by change- 
speed mechanism forming a part of the countershaft. The 
changes of table feeds, i.e,, the speed at which the wheel travels 
through the work, are effected by operating the lever C. The 
headstock will swing to an angle up to 45 degrees either side of 
the center-line, for grinding tapered holes, and it is graduated 
both in degrees and in inches of taper per foot. This type is 
especially adapted for producing interchangeable parts in large 
quantities, because of the firmness and rigidity of the work 
support and the wheel support, enabling relatively soft and free 
cutting wheels to be used. The machines are made in two 
styles, one being fitted with both power and hand feed, and the 
other with a pilot handwheel for hand feed only. 

Rivett Internal Grinding Machine. — For small work, such as 
grinding bushings, sleeves, and similar parts where high periph- 
eral wheel speeds are necessary, the internal grinder shown in 
Fig. 3, built by the Rivett Lathe & Grinder Co., is especially 
suited. In this machine, the wheel-spindle A is held in a bracket 
B fastened to a slide that can be traversed at right angles to the 
travel of the work-table by operating handwheel C. Button D 
is used to engage the cross-feed for the wheel slide. The wheel- 
spindle is driven by two belts from the rear countershaft, which, 
in turn, is belted to the overhead works from which suitable 
speeds can be obtained by means of the cone-pulley coxmtershaft. 

The table of the machine is in two sections; the lower section 
is mounted on the base and slides on cross-bearings, being con- 
trolled in its movement by a reciprocating mechanism so de- 
signed that as the center of the stroke is approached the speed 
of the table is slightly retarded. This speed variation does away 
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with the tendency of the wheel to take a lighter cut at the 
center of the work, and, at the same time, allows a coarser feed. 
Three different feeds for the table, independent of the head, 
are obtained through a three-step cone pulley at the rear of the 
machine. The table may be hand-operated by pilot wheel F; 
when operated by power, reciprocation of the table can be 
stopped by loosening clamp G without stopping the machine. 
The upper section of the 
table is arranged to 
swivel 5 degrees in either 
direction from the center 
and is adjusted by hand 
screws H. 

The base, upon which 
the work head rests, is 
graduated in degrees and 
the slide can be set at 
any angle up to 90 de- 
grees in either direc- 
tion. The work head is 
mounted on a cast-iron 
plate fitting the table 
slide and can be moved 
any required distance 
along the slide and 
clamped in position by 

lever L. The front end ^- »■ ^»"« intenui Giindinj u«±in« 
of the work-spindle is ground on the inside to hold split chucks 
and the rear end to fit a draw-in spindle furnished with the 
machine. Special fixtures are provided, so that it can be adapted 
to a general line of tool-room work for external grinding, etc. 

Bryant Chucking Grinder. — Another type of grinding ma- 
chine that is used for internal work as well as for external wort 
is shown in Fig. 4. This is built by the Bryant Chucking 
Grinder Co. The machine is compact, it is possible to swing 
the wheel-spindle out of the way to gage the work, and, on the 
multiple-spindle type, external and internal diameters can be 
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ground at the same setting, thus insuring that they are con- 
centric with each other. 

The work is held in a chuck A operated by handwheel B. 
This chuck is driven by pulley P and the work head has an 
angular adjustment for grinding tapers up to and including 
30 degrees. Internal grinding is done with wheel-spindle C, 
whereas spindle D is used for external or face grinding. Spin- 
dle Z> is driven from the overhead works by a belt running on 
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pulley E, and ^indle C is driven from the same pulley by a 
separate and shorter belt. The wheel slide F is held on a hard- 
ened and ground cylindrical bar and can be swung on this bar 
to obtain the cross-feed for diameter control and face grinding. 
The diameter control is secured through hand-wheel G which 
carries an automatic knock-off cam operating through lever H. 
The backward and forward motion for the wheel slide is se- 
cured through a belt running on pulleys /; the gear / carries 
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reversing trips for controlling the length of traverse. An auto- 
matic trip is also provided for throwing out the feed of the work 
slide. The reversal of the wheel slide can be effected by hand 
lever K, whereas lever L is used to disengage the power traverse. 
The pilot wheel M is for moving the slide back and forth by hand. 

Internal Grinding-wheel Spindles. — In the grinding of small 
holes having a length of, say, four or five times their diameter, 
some difficulty is often experienced in getting wheel-spindles 
which are stiflF enough to grind absolutely straight holes, owing 
to the tendency of the wheel-spindle to spring away from the work 
when its length is many times its diameter. 

On spindles for grinding holes 2 inches in diameter and larger, 
it is the universal practice to keep the bearings close to the 
grinding wheel, the bearing as well as the wheel passing into 
the hole in the work. The smaller the hole to be ground, of 
course, the higher the spindle speed should be, to give the wheel 
a reasonable surface velocity. About 6000 feet per minute has 
been demonstrated to be a desirable surface speed for plain 
grinding machines and relatively large wheels, but it would 
require excessively high speeds for internal spindles to secure 
this circumferential velocity in running small wheels for grind- 
ing small holes, and these speeds would involve lubrication diffi- 
culties and extreme refinement in the adjustment of bearings, 
which it is not so easy to secure in internal spindles of small 
diameter. The modem grinding wheel, which can be furnished 
in soft and free cutting grades, now renders it unnecessary for 
internal grinding spindles to rim at such extremely high speeds 
to produce high-grade work in large quantities, and this has 
simplified, to a great degree, the problem of getting suitable 
spindle speeds for internal grinding machines. 

Brown & Sharpe Internal Grinding Spindle. — The internal 
grinding spindle shown in Fig. 5 is used on universal grinding 
machines. It consists, primarily, of a spindle of comparatively 
small size moimted in a bearing in telescopic tubes of sufficiently 
large diameter to give the required rigidity. These tubes or 
shells are longitudinally adjustable relative to each other and 
support the bearings for the spindle in close proximity to the 
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grinding wheel. The small diameter of the spindle enables it 
to be revolved at the high speed necessary. The pulley spindle 
A is mounted in two annular ball bearings which take the pull 
of the belt. The bronze box B for the wheel-spindle is tapered 
on the outside to fit in the tapered hole of the outer shell, and 
this shell is made to screw onto the inner shell. The outer shell 
moves the bronze box longitudinally toward or from the inner 
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Fig. 5. Brown ft Sharpe Internal Grinding-wheel Spindle for Uni- 

▼ersal Grinding Machine 




JfacMfi«ry 



Fig. 6. Heald Internal Grinding-wheel Spindle 

shell, thus decreasing the end play of the wheel-spindle collar C. 

When the outer shell has been screwed onto the inner one far 
enough to take up all end play of collar C, still further movement 
will force the box into the taper end of the outer shell and close 
it to compensate for wear. After the box has been forced far 
enough into the tapered hole, the outer shell is unscrewed suffi- 
ciently to relieve the pressure on the collar and make a running 
fit. In this spindle, provision is made for excluding dust from 
the bearings, and rigidity at high speeds is attained. 

Heald Internal Grinding Spindle. — Fig. 6 shows one type of 
internal grinding spindle used on the Heald Nos. 70 and 75 
internal grinding machines. The spindle is a solid shaft and is 
supported in three phosphor-bronze bearings A , -B, and C. These 
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are tapered on the outside diameter and adjusted by means of 
"take-up" nuts, as illustrated. The method of adjusting the 
bearing is to first tighten up a nut until the bearing fits the 
spindle snugly; then the screws Z?, which are threaded into 
tapered expanding blocks £, are adjusted, drawing up the 
blocks in the tapered slot in the bearings, and, in this way, 
slightly expanding them. This adjusting device provides a 
suitable and positive lock for the bearings and seats them se- 
curely and firmly in their housings. 

Sivett Internal Grinding Spindle. — An internal grinding- 
wheel spindle designed to nm at high peripheral velocities is 
shown in Fig. 7. This spindle is operated at speeds of from 
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Fig. 7. Rivett Internal Grinding-wheel Spindle 

25,000 to 30,000 R.P.M. with satisfactory results. The spindle 
Ay which is of the solid shaft type, is driven by two belts running 
on pulleys located at each end and is supported by ball bearings, 
as shown. The bearings are completely submerged in oil sup- 
plied through screw-hole B, They are enclosed in a dust-proof 
cast-iron shell, adjustment being made by loosening screws C 
and turning adjusting nuts D with a spanner wrench, turning to 
the right to tighten and to the left to loosen. When properly 
adjusted, there should be no end play and the spindle should 
run freely when whirled by the fingers. 

Holding Work for Internal Grinding. — Next in importance, 
after selecting the right wheel to use on the internal grinding 
machine for a certain job, is the selection and construction of 
the chucking fixture for holding the work; in fact, there are many 
cases in which the chucking of the work is more important than 
the selection of the grinding wheel, because, where a difficult 
piece is to be held, more time may be required to satisfactorily 
chuck the piece and get it running right than it takes to grind 
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it afterwards. This explains, to some extent, the difference in 
output and accuracy obtained in different shops operating on 
identically the same classes and kinds of work. 

How to Hold Thin Bushings. — When grinding thin bush- 
ings, a special form of chucking device should be used, in which 
the bushing is clamped endwise, because any radial pressure, 
such as would result from using a 3-jaw chuck or similar arrange- 
ment, would distort the piece, so that after it was removed 
from the grinding machine, the hole would not be truly cylin- 
drical. Very little clamping pressure is required to hold a 
bushing endwise, and these chucks can be made so that they 
are simple and quickly operated, thus producing work accu- 
rately and efficiently. There are two ways of grinding bushings; 
one is to grind the interior first and then slip them on an arbor 
and finish on a plain grinding machine; by this method accurate 
work is secured and the exterior and interior holes can be made 
truly concentric with each other. The other method is to 
grind the exterior of the bushing first, and then sKp this into 
a holder or bushing chuck fitted to an internal grinding machine, 
and grind the hole last. While this may seem to be a very satis- 
factory method, in practice, it is not, for the following reasons: 

1. It seems to be true that a bushing will change shape more 
when the inside is ground last than when ground first. 

2. It is more difficult to grind the outside of a bushing to 
accurate limits, when the hole is rough and cannot be satis- 
factorily supported on a grinding arbor, than it is to grind the 
hole in the bushing first (the bushing being held by clamping 
endwise) and then slip the bushing on an arbor and finish the 
outside; the bushing, in this case, fits the arbor perfectly and 
has a good solid support for the grinding wheel at all points. 

3. In fitting up a bushing chuck, it must be put onto the 
internal grinding machine spindle and be ground to size after 
being mounted, in order that the hole will run true. After 
one lot of bushings is finished, the chuck will be removed from 
the grinding machine and later replaced when another lot of 
bushings is to be handled. In making the second, third, and 
following replacements of the bushing chuck, the operator will 
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find it very diflScult to get the chuck back on the grinding spindle 
and have the hole run "dead true"; therefore, he must either 
grind out the hole again to make it run true (and then the bush- 
ings are not a good fit), or else the subsequent lots of bushings 
must be groimd to a larger diameter to fit the new diameter of 
hole in the chuck, all of which is avoided when the hole is ground 
first and the bushing finished externally last. 

Grinding Cylindrical Holes. — Owing to the close limits of 
accuracy demanded of a grinding machine, it is often desirable 
to make some simple test to show that the machine is grinding 
perfectly straight. This can be determined when the hole is 
to size, by trying a sizing plug, and the operator can easily de- 
termine whether the hole is larger or smaller at the rear end than 
at the front end. There is a danger, of coiurse, in testing the 
first pieces, that the machine may be grinding larger at one 
end than at the other, and if only the sizing plug is used in testing, 
it is impossible to tell, by this method, until the front end of 
the hole is up to size, whether the rear end is too large or not. 
Therefore, a very clever scheme is often resorted to, to deter- 
mine if the hole is cylindrical or not. This is done by feeding 
the grinding wheel over to the opposite side of the hole after the 
latter has been roughed out by a few passes of the wheel and the 
original roughness of the hole removed. Now, if on bringing 
the grinding wheel against tlie opposite side of the hole and 
making a very light cut, the sparks are uniform throughout the 
length of the hole, the machine is grinding parallel or cylin- 
drical, but if the sparks grow heavier as the wheel feeds in 
against the opposite side from where it has previously been 
grinding, the operator knows then that the hole is tapering and 
smaller at the back end. If the wheel fails to cut as it goes in, 
it shows that the hole is larger at the rear end, and the headstock 
should be correspondingly adjusted so that the hole will become 
more nearly straight. In carrying the wheel across to the op- 
posite side of the hole from that to which it has been grinding, 
the error is doubled, so that if the headstock should have been 
set one degree out of correct alignment, the apparent error on 
the opposite side will be just double that. 
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Grinding Taper Holes. — In setting the headstock to secure 
the correct taper in a hole, the headstock may be set to the 
graduations provided on it, but if the work is desired to be 
very accurate and interchangeable with other parts, it will be 
most desirable to have a hardened standard plug gage with the 
correct taper on the end to use in testing the taper secured by 
this setting. In using this plug gage, the customary practice 
is to color it with prussian blue or red lead and note the contact 
that the ground hole makes on the plug; if it bears harder at 
the smaller end than at the larger end, the headstock should be 
swung so that the grinding wheel will produce a little less taper, 
and swung in the opposite way if the outer end should be tight 
and the hole loose at the small end of the plug. If the error is 
large, the operator can quickly feel that the plug does not fit 
the tapered hole properly. If the error is small, the testing by 
color will give satisfactory results. 

Relation of Wheel to Work. — There are two methods of ap- 
plying the wheel to the work for internal grinding. One is to 
feed the wheel against the rear side of the hole, and the other 
is to bring the grinding wheel forward to make a contact with 
the front side of the hole, the latter method being used on ma- 
chines of the type built by the Heald Machine Co. 

In using grinding attachments on universal grinding ma- 
chines, since the automatic feed of the wheel would be toward 
the operator, it would be necessary to grind on the front side 
of the hole if this feed were used. According to the Brown & 
Sharpe Mfg. Co., the automatic feed is seldom used on their 
machines for internal grinding work; hence, it is the usual 
practice of this company to feed the wheel in the opposite direc- 
tion and grind on the rear side of the hole. The Special Brown 
& Sharpe internal grinding machmes are arranged for handling 
the work in this way. The principal advantage in grinding 
at the rear side of the hole seems to be, that, in grinding tapers, 
the headstock will be swung toward the operator, making it a 
little easier to see into the hole, and also easier to gage the hole 
with standard plugs. On the other hand, it appears to be less 
easy to protect the operator from the splashing of the water and 
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also to keep the water from being thrown over the front of the 
machine and on the floor, when tapers of high degree are being 
ground, it being much easier to arrange water guards at the 
rear of the machine than at the front. While the operator can 
become accustomed to feeding the wheel away from him, this is 
an opposite direction to which all plain grinding and universal 
grinding machines naturally operate, and, therefore, by some 
manufacturers, it has been thought more natural to do the 
grinding on the front side of the hole. 

Another difficulty in connection with grinding on the rear 
side of the hole, is that, in truing the wheel, the diamond should, 
preferably, be mounted at the back of the wheel, so as to operate 
on the rear side, t.e., true the wheel on the side that does the 
grinding; this would appear to be a trifle more awkward for 
the operator than when the grinding is done on the front side 
of the hole and* the diamond can be moimted on the front side. 

In regard to the direction of rotation of the work, it is cus- 
tomary, with almost all manufacturers, to have the work head 
rotate so that the top comes toward the operator. In grinding 
dry, it does not matter particularly in regard to the direction 
of rotation, but when water is used, rotation of the work in this 
direction seems to assist in the proper control of the water, par- 
ticularly where it flows out from the bottom of the chuck and 
water guards. 

The two methods of applying the wheel to the work are 
shown diagrammatically in Fig. 8. At A is shown the method 
generally followed on a xmiversal grinding machine, whereas at B 
is shown the method that is adopted generally on regular internal 
grinding machines. The natural position of the wheel in rela- 
tion to the work for internal grinding is on the front face of the 
hole. For instance, when using a imiversal grinding machine 
for external cylindrical grinding, the wheel is fed forward to 
grind the work, and it is natural, when using an internal at- 
tachment, that the same method of feeding the wheel to the 
work be followed. 

Allowances for Xntemai Grinding. — The amoimt of metal to 
be removed by the internal grinding machine requires careful 
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consideration. Formerly, when light grinding ^indies and 
relatively light machines only were available, it was desirable 
to leave as little stock for grinding as possible, to reduce the 
time required for grinding. With the modem internal grinding 
machine, however, this is not true, and it is now considered 
wiser to leave a liberal amount of stock to be removed, as this 
somewhat reduces the high degree of accuracy that would be 
necessary in chucking the pieces if but a small amount of stock 
was left to be ground out. 

For instance, suppose a bushing is to be finished externally 
after the hole is ground. This bushing, if it has thin walls, 
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should be held in a special bushing chuck, but if it has heavy 
walls, it might be held in a 3-jaw chuck, and, in that way, would 
only run approximately true. The hole might run out 0.002 or 
0.003 i^(^- Under such conditions, the first thing to do is to 
get the hole rounded out so that it runs practically true, and in 
doing this, of course, more stock will be ground off one side of 
the hole than the other. This would involve the grinding out 
of o.cx)6 or 0.007 i"*^ of stock by the time the hole was running 
true, and if there were 0.002 or 0.003 i°ch left to grind to get 
the exact diameter, there would be from 0.008 to 0.010 inch stock 
to remove from this hole during the grinding operation. 

It is now considered more satisfactory, with the modem in- 
ternal grinding machine, to leave an ample amount of stock, 
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SO that the wheel can take heavy cuts, than to leave a small 
amount of stock and make it necessary to take several very 
light cuts to true the hole, because there is such a limited amount 
of stock. On the other hand, if work is accurately machined 
and the chucking fixture is one that is not only accurate to 
begin with but remains accurate, so that the holes run quite 
true, then the stock to be removed can be reduced to advantage 
and a considerable saving in time effected. The tendency is, 
in many cases, however, to reduce the stock to a point where the 
operator has to grind slowly at first because the hole is not nm- 
ning true, whereas he would actually make a greater gain in 
time and quality of work if a little more stock w€te left, provided 
he has a modem manufacturing machine to work with. 

With hardened parts, of course, there is the question of dis- 
tortion, and, oftentimes, the distortion due to hardening makes 
it necessary to leave more stock than would otherwise be neces- 
sary. One reason why records on similar work in different 
shops vary so greatly is because of the difference in the way the 
work comes to the grinding machine, so far as the previous 
machining operations are concerned, and, secondly, owing to 
the difference in chucking devices and methods of holding the 
work adopted in different factories. 

The following is an example which illustrates the relation 
of the amount of material removed to wheel wear. An ex- 
tended experiment was made in the grinding of a tapered hole 
in a pinion blank. These pinion blanks were made from vana- 
dium-steel drop-forgings, heat-treated, and were drilled and 
reamed so that 0.015 inch was left on the diameter for grinding. 
Various grains and grades, as well as makes of wheels, were 
tried, and the greatest number of pieces that could be obtained 
from one wheel was sixty. The limit of allowance was then 
reduced from 0.008 to o.oio inch on the diameter and the pro- 
duction from one wheel increased to eighty. The limit was 
again reduced to 0.005 ^^ ^^ ^^ diameter, whereupon the 
production increased to two hundred pieces from one wheel. 
The wheel found to give the best results on this particular ex- 
ample was a Norton alundmn (vitrified), grain 60, grade K 
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wheel, f inch m diameter by i-inch face. This wheel was 
operated at a speed of 12,500 R.P.M. (2460 feet surface speed) 
and the work was rotated at 400 R.P.M., or an average surface 
speed of 100 feet per minute. Table I gives the amounts to 
leave for grinding holes of various diameters and lengths, but 
does not take into consideration special cases, such as thin wall 
bushings, etc. 

Wheel and Work Speeds for Intemai Grinding. — The cutting 
efficiency of grinding wheels depends largely upon the wheel 

Table L Allowances for Internal Grinding 



Diameter of Hole 
in Inches 








Length of Hole in Inches 








H 


I 


m 


a 


3 


4 


5 


6 


7 


8 









4 


Allowanc 


e in Inches 








H 


0.005 


0.006 


0.007 


0.008 














I 


0.006 


0.007 


0.008 


0.009 


O.OIO 


O.OII 


0.012 


0.013 






iW 


0.007 


0.008 


0.009 


O.OIO 


O.OII 


0.012 


0.013 


0.014 


0.015 


0.016 


2 


0.008 


0.009 


0.009 


O.OIO 


O.OII 


0.012 


0.013 


0.015 


0.016 


0.017 


2H 


0.009 


O.OIO 


O.OIO 


O.OII 


O.OII 


0.013 


0.014 


0.015 


0.017 


0.018 


3 


0.009 


O.OIO 


O.OIO 


O.OII 


0.012 


0.013 


0.015 


0.016 


0.017 


0.019 


3H 


O.OIO 


O.OIO 


O.OII 


0.012 


0.013 


0.014 


0.015 


0.017 


0.018 


0.019 


4 


O.OIO 


O.OII 


0.012 


0.012 


0.013 


0.015 


0.016 


0.017 


0.018 


0.020 


5 


O.OII 


0.012 


0.013 


0.013 


0.015 


0.016 


0.017 


0*018 


0.019 


0.021 


6 


0.012 


0.013 


0.014 


0.014 


0.016 


0.017 


0.018 


0.019 


0.020 


0.022 


7 


0.014 


0.015 


0.015 


0.016 


0.017 


0.018 


0.019 


0.020 


0.021 


0.023 


8 


0.016 


0.016 


0.017 


0.017 


0.018 


0.019 


0.020 


0.021 


0.022 


0.024 


9 


0.017 


0.018 


0.018 


0.019 


0.020 


0.020 


0.021 


0.022 


0.023 


0.025 


10 


0.018 


0.019 


0.019 


0.020 


0.021 


0.021 


0.022 


0.023 


0.024 


0.025 


II 


0.019 


0.020 


0.020 


0.021 


0.022 


0.022 


0.023 


0.024 


0.025 


0.026 


12 


0.020 


0.021 


0.021 


0.022 


0.023 


0.023 


0.024 


0.025 


0.026 


0.027 



and work speeds. To obtain theoretical speed at which any 
particular wheel should be operated is not always practicable, 
because of the limitations of the machine on which the wheel 
and wheel-spindle is mounted, thus making compromises neces- 
sary to a certain extent. For instance, when using a wheel 
i inch in diameter, a wheel speed of about 30,000 R.P.M. 
would be necessary to get a surface velocity of 4000 feet per 
minute. While this speed might be possible in certain machines, 
ordinarily, lubrication difficulties and heating due to such a 
high speed would overbalance the advantages. Since modem 
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grinding wheels can be obtained which will cut efficiently, rapidly, 
and smoothly at slower speeds (by selecting the proper grain and 
grade), it will be found, in almost every instance, that moderate 
speeds will be more satisfactory, because less care will be needed 
in oiling and adjustment of the bearings and no reduction in 
the actual amount of work produced need be expected. On 
the other hand, wheelheads adapted for carrying grinding 
wheels of 2 inches in diameter and larger can be run at the 
speeds which will bring the circumferential velocity up to what 
is usually considered theoretically correct, and the foregoing 
remarks apply, as will be readily imderstood, to wheels of rela- 
tively small diameter used in grinding machines having a large 
range of work. 

In the examples of work which were observed to obtain definite 
information on this point, the wheel speeds used ranged from 
1570 to 7035 feet surface speed, whereas the work speeds varied 
from 29.5 to 510 feet surface speed. The only reason that can 
be given for such wide variations in wheel and work speeds is 
that the subject of correct wheel and work speeds has not been 
given sufficient attention. It was found that one manufacturer 
was satisfied with a Jiard-bond, fine-grain wheel and a low pro- 
duction, as long as he obtained a good finish, whereas another 
manufacturer was more interested in production than finish, 
and, consequently, used a coarser grain wheel of softer bond. 
For internal grinding of soft steel, a harder bond wheel than M 
is seldom used, whereas for heat-treated steel, a wheel harder 
than grade L is uncommon. For chrome-nickel or chrome- 
vanadium steel, heat-treated, grade K is about the hardest 
wheel used. 

It can be definitely stated, that, in most cases, the lower the 
wheel speed and the harder the bond of the wheel, the higher 
must be the work speed to get satisfactory results. When 
using a hard-bond wheel, glazing takes place unless the work 
speed is high enough to remove the abrasive grains from the 
bond as soon as they become dull; therefore, it is always advis- 
able to have the wheel speed correct, and then vary the grade 
and grain of the wheel and the work speed until satisfactory 
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results axe obtained. Wheel speeds for internal grinding are 
found to vary all the way from 2000 to 7000 feet surface speed ; 
but the most satisfactory wheel speeds are between 4000 and 
6000 feet surface speed. As a rule^ grinding wheels made from 
such abrasives as carbolite, carbonmdimi, or crystolon are 
operated at lower wheel speeds than grinding wheels made from 
abrasives such as alundum, aloxite, or conmdimi. For grinding 
wheels made from carbolite, carbonmdimi, or aystolon, the 
most suitable wheel speeds range between 4000 and 4500 feet 

Table IL Revolutioiis per Minute for Various Surface Speeds of Wheels 



Diameter of Wheel 
^ inlnchei 






Surfaoe Speed in 


Feet per Minute 






3000 


2500 


3000 


3500 


4000 


4S00 










B 


.evolutions 


per Minute 






1 


30.558 
















H 


20,372 


25.465 


30,558 












H 


IS»279 


19,099 


22,918 


26,738 


30,558 




>•••■• 




H 


12,221 


15.279 


18,335 


21,390 


24.442 


27,500 


30,558 




H 


10,186 


12,733 


15.279 


17.825 


20,372 


22,918 


25.465 


30,558 


% 


8.731 


10,913 


13.096 


15.279 


17,461 


19.643 


21,827 


26,192 


1 


7.639 


9.549 


11.459 


13.369 


15.279 


17.189 


19,099 


22,918 


iH 


6,111 


7.639 


9.167 


10,695 


12,221 


13.750 


15.279 


18,335 


i\^ 


5.093 


6.366 


7,639 


8,913 


10,186 


H.459 


12,733 


15.279 


iH 


4.365 


5.457 


6,548 


7.639 


8,731 


9,822 


10,913 


13.096 


2 


3,820 


4,775 


5.729 


6,684 


7,639 


8,594 


9.549 


".459 


2H 


3.395 


4.244 


5.093 


5.942 


6,791 


7,639 


8,488 


10,186 


2H 


3.055 


3.820 


4,583 


5.347 


6,111 


6,875 


7.639 


9,167 


2H 


2,778 


3.472 


4,167 


4.861 


5.555 


6,250 


6,945 


8.334 


3 


2,546 


3.183 


3.820 


4.456 


5.093 


5.729 


6,366 


7.639 


3W 


2,182 


2,728 


3.274 


3,820 


4.365 


4,9" 


5.457 


6,548 


4 


1,910 


2,387 


2,86s 


3.342 


3,820 


4,297 


4.775 


5.729 



surface speed, whereas for wheels made from alundimi, aloxite, 
or corundum, the most suitable speeds are between 4500 and 
5000 feet surface speed. Table II gives the equivalent R.P.M. 
of wheels ranging from i to 4 inches in diameter operating at 
surface speeds ranging from 2000 to 6000 feet surface speed. 

The correct speed at which the work should rotate cannot 
be decided absolutely, owing to varying conditions. There 
are a few points, however, that are worthy of consideration. 
For instance, the work should not run at the same speed for 
grinding a 3-inch hole as it would for grinding a i-inch hole. 
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The reason is that the. higher surface speed of the work with 
the larger hole tends to break down the working face of the 
wheel, and, consequently, a wheel of harder grade is necessary 
than if the work speed were moderate. It is also true that the 
hard wheel does not cut as freely as the softer wheel, and, there- 
fore, the time required for grinding may actually be longer than 
would be the case with a moderate speed and a freer cutting 
wheel. 

Table IV gives what might be called the average surface speeds 
for grinding various materials when using grinding wheels of 

Table in. Revoltttions per Minute for Various Surface^^ Speeds of Work 



•si 






Sur&oe Speed of Work in Feet per Ifioute 






c 

H 




















60 


70 


80 


90 


100 


zzo 


120 


130 


140 


R.P.M.ofWork 


611. 


713.0 


815.0 


916.0 


1018.0 


II2I.O 


1222.0 


1323.0 


1425.0 


M. 


524.0 


611. 


699.0 


786.0 


873.0 


961.0 


1049.0 


H36.O 


1222.0 


H 


459 


535 


611. 


688.0 


764.0 


840.0 


917.0 


993.0 


1070.0 


H 


367.0 


428.0 


489.0 


552.0 


611. 


673.0 


736.0 


796.0 


857.0 


H 


305.0 


357.0 


408.0 


458.0 


5090 


559.0 


611. 


661.0 


711. 


I 


229.0 


267.0 


305.0 


344.0 


382.0 


420.0 


458.0 


497.0 


535.0 


iM 


183.0 


214.0 


244.0 


274.0 


305.0 


337.0 


367.0 


398.0 


428.0 


iH 


153.0 


178.0 


204.0 


230.0 


254.0 


279.0 


305.0 


330.0 


356.0 


iH 


131 


153.0 


174.0 


196.0 


218.0 


240.0 


262.0 


283.0 


305 


2 


1150 


134.0 


153.0 


172.0 


191*0 


210.0 


229.0 


248.0 


267.0 


2H 


102.0 


119. 


136.0 


153.0 


170.0 


187.0 


204.0 


221.0 


238.0 


2H 


91.7 


107.0 


122.0 


138.0 


153.0 


168.0 


184.0 


199.0 


213.0 


2H 


83.4 


97.2 


III.O 


125.0 


139 


153.0 


167.0 


181. 


195.0 


3 


76.4 


89.1 


102.0 


114. 


127.0 


140.0 


153 


165.0 


178.0 


3H 


655 


76.4 


87.4 


98.1 


109.0 


120.0 


131. 


142.0 


153 


4 


57.3 


66.9 


76.4 


86.0 


95.6 


105.0 


115.0 


124.0 


134.0 



the grades and grains listed. As has been previously mentioned, 
the relation of the diameter of the hole to the diameter of the 
wheel has a considerable bearing on the work speed. The speeds 
given in the table can be used as a basis upon which to start. 
For the average internal grinding operation, the work speeds 
range from 75 to 125 feet per minute, the average being in the 
neighborhood of 100 feet surface speed. Table III gives a list 
of the equivalent R.P.M. for various diameters of holes and 
work speeds. 
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Width of Face of Grinding Wheels. — Various automobile 
manufacturers and other concerns throughout the country 
have adopted different widths of wheels for iatemal grinding, 
ranging all the way from } to 2 inches. The Reo Motor Co., 
Lansing, Mich., after several years of experimenting with differ- 
ent widths of wheels, has found, that for ordinary plain internal 
grinding on holes larger than i inch, a grinding wheel with a 

Table IV. Work Speeds in Feet per Minute for the Internal Grinding 

of Different Materials* 



Material 



Aluminum 
(Cast) 

Brass or 
Bronze (Cast) 



Iron (Cast) 



Alloy Steel, 
Heat-treated 



Steel, 0.20 to 

0.50 Per cent 
Carbon (Soft) 

Steel, 0.20 to 
0.50 Per cent 
Carbon 
(Hardened) 



Abrasive 



Carbolite, 

Carborundum, 

or Crystolon 

Alundum, 
Corundimi, 
or Aloxite 

Carbolite, 

Carborundum, 

or Crystolon 

No. 38 Alundum, 
No. 58 Corundum, 
or Aloxite 

No. 38 Alundum, 
No. 58 Corundum, 
or Aloxite 

No. 38 Alundum, 
No. 58 Corundum, 
or Aloxite 



Bond 



Elas. 

Vit. 

Elas. 



Vit. 



Vit. 



Vit. 



Vit. 



Vit. 



Grain 



46 to 50 

SO 
36 

36 to 46 
46 to 50 
46 to 50 



36 to 40 



46 
46 

so 

46 
46 
so 

46 
46 

SO 



Grade 



2HE 

P 

2H 

K 
K 
O 



K 
P 
K 

i 

] 

M 



K 
K 

M 



Surfaoe speed 
of Work 



150 to z8o 



130 to 150 



no to 120 



80 to 100 



60 to 80 



80 to no 



* Work speeds based on from 4500 to 5000 feet surface speed for alundum, aloxite, and oorandum 
wheels, and from 4000 to 4500 feet for carbolite, carborundum, and crystolon wheels. 

J-inch face gives the best results. This width of face of wheel is 
used exclusively on all internal work over i inch and under 
3 inches in diameter that is not provided with grooves or key- 
ways. For a considerable length of time, wheels of J-inch face 
were used, but it was found that these did not have sufficient 
cutting surface or width of face to remove the metal efficiently. 
On the other hand, it was found that, with a wheel wider than 
f inch, there was too much wheel surface in contact with the 
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work and trouble was experienced with heating of the work. 
For the finishing of small internal holes less than i inch in diam- 
eter, it was found that a Detroit wheel | or f inch in diameter, 
J inch wide, grain 67, grade M, gave the best results. This 
wheel was used exclusively on hardened work, as the greater 
portion of the work turned out by this company is low carbon 
steel, carbonized and hardened. 

For grinding holes in which keyways are cut, a narrow face 
wheel cannot be used with success, because it does not present 
sufficient wheel surface to the work in order to stand up for any 
length of tune. The greater the number of splines or kejrways, 
as a rule, the harder the wheel must be. For this class of work, 
the Reo Motor Car Co. used a wheel with a ij-inch face on 
holes up to 2 inches in diameter, and for larger work, a wheel 
of I J-inch face. A wheel which has been foimd to give excellent 
results on this work is a Norton (vitrified) No. 38 alimdiun 
wheel, grain 60, grade M and N. Such wide wheels are used 
only on internal grinding machines especially designed for 
manufacturing. 

Relation between Diameter of Wheel and Hole. — Usually, 
in ordering grinding wheels for internal work, especially for 
grinding holes less than i§ inch in diameter, the wheel is specified 
to be about the same diameter as the hole in the work, and is then 
tiuned down with a diamond until it enters the hole with a 
reasonable amount of clearance. Theoretically, this is not 
the most efficient diameter; wheels of this size are ordered for 
economic reasons. The larger the diameter of the wheel in 
relation to the hole in the work, the larger is the arc of contact 
and the greater the tendency to glaze and heat the work. In 
addition to a greater arc of contact, a wheel used for internal 
grinding has less body or volmne to carry out the heat generated 
and will heat up and glaze much quicker than a wheel used 
externally. Usually, wheels for internal grinding are used imtil 
completely worn out. Wheels are ordered as large as possible, 
in order that the greatest possible number of pieces may be 
turned out with one wheel, thus reducing wheel expense. From 
a purely theoretical standpoint, however, the smaller the diam- 
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eter of wheel in relation to the hole in the work, the less will be 
the arc of contact and the higher will be the cutting efficiency 
of the wheel. 

Preventing Chatter. — Chatter marks in internal grinding are 
generally caused by using a wheel that is too hard, taking too 
heavy a cut, or by using a grinding spindle with the bearings 
out of adjustment and slenderly supported. Great care should 
always be taken to keep the spindle bearings correctly adjusted, 
so that there is no play or end shake of any kind, as this is boimd 
to produce chatter and tends to make the ends of the hole "bell- 
mouthed." Work provided with keyways or splines is diffi- 
cult to grind true and free from chatter marks, and special 
care should be taken to see that all bearings of the machine 
are tight. The same applies to the bearings of the work head. 
Having the wheel run out of true will also cause chatter and 
will produce a roughened surface on the work. It is, therefore, 
necessary to keep the wheel -true and sharp. 

Inaccurate holes are also caused by having the wheel-spindle 
too loose or by putting excessive clamping strains on the work 
so as to spring it out of shape; using a wheel that is too hard 
also produces the same result, in some cases. All other factors 
being considered, a soft wheel will grind a truer hole than a wheel 
which is comparatively hard. 

Wet vs. Dry Grinding. — Internal grinding is generally done 
dry in the tool-room, but when grinding duplicate parts in 
connection with manufacturing, cooling water is often used. 
The general practice, in regard to the use of water for internal 
grinding, is to grind soft and hardened steel work wet, and to 
grind cast iron, bronze, and brass dry. There are, of course, 
exceptions to this rule, and sometimes work that is hardened 
is of such a shape that the use of water is either inconvenient or. 
not necessary. For instance, when the surface to be ground is 
narrow and a small amount of stock is to be removed in propor- 
tion to the size of the work, the grinding can be done without 
any appreciable change in temperature. As a general rule,. 
however, soft and hardened steel parts should be ground wet. 
Wet grinding produces a smoother and truer hole than dry 
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grinding, and also faciUtates gaging. Where a part has been 
heated to a considerable extent by grinding and a cold gage is 
placed in it, the gage is likely to "freeze," and difficulty will be 
experienced in removing it. Minute cracks in the surface of 
the work are also likely to develop in dry grinding, especially 
^hen a wheel of too fine a grain and too hard a bond is used, or 
where .too heavy a cut is taken. A further reason for wet grind- 
ing is that it is impossible for the operator to know just what 
size the hole will be, if the work has warmed up 20 or 30 degrees 
during the grinding, after it has been removed from the machine 
and has cooled down to the normal temperature. On inter- 
changeable work and wherQ accurate limits must be maintained, 
wet grinding is, therefore, unperative. 

There are cases where cast-iron parts should be ground wet. 
When the work -must be ground to ve^ accurate Umits, water 
has to be used to keep dbwn the temperature, iri order to pre- 
vent any change of diameter or shape. This applies more 
particularly to the grinding of thin, cast-iron bushings. It 
has been found that a cast-iron bushing, ground dry, will spring 
Qut of shape, to some extent, after it is taken out of the machine. 
By keeping the part at a uniform temperature, by means of a 
cooling lubricant, any ch^ge in diameter and shape is avoided. 
When grinding cast-iron cylinders, it is common practice to 
circulate cooling water through the jacket instead of in the 
bore, as explained more fully in Chapter IV. When dry grind- 
ing is done, it is necessary to provide the machine with an 
exhaust system to draw off the dust, both for the protection 
of the operator and to. keep the machine clean and in a satis- 
factory working condition. 

Cause of Bell-mouthed Holes. — Bell-mouthed holes may be 
caused by looseness in the spindle or by completely removing 
the wheel from the hole at each traverse. The wheel should 
never be withdrawn from the work except when it is necessary 
to remove it to gage the hole. While the power traverse is 
being used for advancing and withdrawing the wheel, the wheel 
should never pass clear through the work, but about one-half 
of the wheel surface should still remain in the hole. The reason 
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for this is that^ when the wheel is withdrawn, any slackness in 
the spindle tends to throw it out to one side because the strain 
of cutting has been removed; consequently, the hole is made 
bell-mouthed. 

Examples of Internal Grinding. — The typical examples of 
internal grinding shown in the following illustrations, indicate, 
in a general way, how various classes of work are ground. The 
nature of each operation is indicated by a simple diagram, be- 
neath which the grain and grade of the wheel, the speed of 
both wheel and work, and other important information is given 
to serve as a guide when grindmg other parts of the same general 
class. Many of these examples are self-explanatory and will 
not be referred to in detail. 

Grinding Ball Races. — Ball races for spherical balls are made 
in two principal shapes: One is the V-groove type, and the 
other, the semi-drcular. To finish a ball race of the V-groove 
type, it is necessary to form the wheel and keep it trued to the 
desired shape. Usually, in grinding this type of race, roughing 
and finishing operations are done at the same setting, a grinding 
wheel being selected that gives fairly good results for both 
operations. 

Where the ball race is of thfe semicircular type, a formed 
wheel, sometimes held on a regular internal grinding machine 
spindle, is used for roughing out the groove, and the finishing 
is done in another machine of the radial type. The allowance 
left for finish-grinding varies from 0.002 to 0.008 inch, depend- 
ing on the size of the bearing. 

A radial grinding machine of the Van Norman type is shown 
in Fig. 9 arranged for finish-grinding a ball race. Assume 
that an outer race having a ball circle of i J inch in diameter is to 
be ground as shown in Fig. 10. For making the traverse setting 
of the work-holding head, a plug exactly 0.750 inch long is 
placed between stops Ay Fig. 9, the slide being adjusted until 
both stops engage with the plug. The cross-slide of the work 
head is then locked in this position. 

The next step is to move the work head back the required 
distance longitudinally so that the radial center of the race is 
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exactly over the pivoted point about whicli the head oscillates. 
For this purpose, the shoulder near the front end of the spindle 
is taken as a reference point, which, as shown in Fig. lo, is 
1,625 ^^ inan the center of the ball race. This adjustment 
is made byplacing a plug exactly 1.625 ^^^ ^°^S between the 
stops located on the rear side of the longitudinal slide of the 
work head. 

Next, the grinding wheel is located over the center-line of 
the work, as shown to the left in Fig. lo. The wheelhead is 
mounted on a slide which is moved bade and forth by a hand- 



operated rack and pinion, and to make this setting, stop C, 
Fig. 9, which bears against the frame, is adjusted to the proper 
point and locked. In order to true the wheel, the work head is 
moved around to the central position, where a plunger D enters 
a hole on the swivel-slide support, holding the truing device 
securely in place. In this position, the post E, upon which 
the diamond holder is mounted, is properly located. 

The distance between the ajds about which the work head 
osdllates and the center of the stud, upon which the truing device 
is mounted, is approximately 3 inches. Therefore, in order to 
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true the wheel, it is necessary to move it bade to the diamond 
point, which is accomplished by means of distance plug F. 
In starting to true the wheel, the wheel slide is moved back a 
distaQce slightly greater than 3 inches, after which the distance 
plug F is swung into position and the slide moved forward to 
bring the stop C into contact with it, A detail view of the 
wheel-truing device is shown at ^ in Fig. 10. Means for setting 
the diamond holder for truing wheels of different radii is pro- 
vided for by different size disks a held on a plunger b. The 
diamond is brought in contact with a disk of the proper size 
and the holder clamped in position. 
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D Van ZVoTEiui Bidiil Grinding Machine 

Surface Cracks when Grinding Ball Races. — In grinding 
ball races, trouble is sometimes experienced with minute cracks 
developing in the surface of the work. Many reasons have been 
given for this, but the most plausible one is that the exterior 
surface of the work is sometimes heated so rapidly that the 
elastic limit of the metal is exceeded before the heat has time 
to dissipate. This may be caused by using a wheel of too &ie 
a grain and too hard a bond; forcing the wheel beyond its cutting 
capacity; using a wheel that has become glazed and is not free 
cutting; grinding dry. Strains set up in hardening are a con- 
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»; — GriDdiag intcnw! 



■nin wheel; gnin 3K-6a,'grade T, iH imii by H inch; ip«j, is,6oa R.F.M. — tj» Icet lur- 
Uce ip«d] woA ipccd. 400 RP .M. — 170 i«t lurlun speni; imterUl removed, from o.oio 

Reaiuki : — GriodiDE nbecl moved in untn boUi sidea touch, tbcn led dinctly into work 
b^ opntiog crosB-fccd by hand; io pieca ground for ach tiuing of wheel; productborij 300 
peeca Id oine hoim; ma/hii^ lued. No- 75 JloUd intenu] frindinc macbine- 



OpHBliaii: — Grinding loCenul diameter wHliNonoD {vitrified! ilundum wheel, jH incliei 
by a inch, gnin j6. gnck J: ipecd. Mai R.P.M. — 701s C«t luiiface ipecd; wotk ipccd. 400 
RJ.M. — jjj fen iurfice ipeid. 

Remuki: — Wheel travfTBcd by powei for Tougiiing, ss iachee per minute; for finithlnf, 
iS inches per minute; ux tnvenca to complete work; produclwn, 7s [Hecee m nine boun; 



Fig. II. Intanul Gilndiag Oparatlona ob • Ball Race tnd • Slsera 

tributory cause to grinding cracks, and, as a remedy, it has been 
suggested to let the work season for some time after hardening 
and before grinding. 

The grain and grade of grinding wheel to use is determined 
largely by the character of the work and the treatment it re- 
ceives. As a rule, for grinding hardened ball races, it is not 
advisable to use a wheel of a bond much harder than /. A 
combination of different size grains in the wheel is also preferable 
to a "straight-grain" wheel, as the combination-grain wheel 
holds its shape much longer. Another way to obviate grinding 
cracks is to keep the wheel free cutting and not force it beyond 
its cutting capacity. 

Grinding a V-shape Ball Race. — An example of ball-race 
grinding of the V-type is shown at ..4 in Fig. ii. In grinding 
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Vorfc: — Cup lot (u ihtft bcaiioB, No. ti Blrminglair win gage (0.109 ^"^ thick) 
praned lied, cubooucd oa]o inch detfi ukd htrrtwiwt in oiL 

OpoiUiini — Crinding iuide back fuc and inloul dtunetn iritli ■ Nortoa (vitrified) 
dundum CHp-ibipcd wbed, gnio 46, gnde K; iH bcb diuneter, H inch ftcn; ■peed, 17,660 
R.P.H. — tijdofeetauificeipiHli w A ipeed. 740 R.P.M. — 166 leM ■urfice ipod; unouat 
Rmoved. 0.005 ioch fton bick iuide imi. uui 0.015 loch Itom iDteml diuncler. 

RUBUks: — GriDdlu wheel !• bnnicht in to faUi bottran Gnt, utd Id doiiif » alio gifaidi 
the LDtenu] diamcta. To fipiih Inlefjul diuneter, wheel ii trmvened. To ffct a good poliah, 
nuchiae oil i) tquined io ihe hole jiut u tbc wbed li finiihim It. Wheel mint not weu down 
much belowIiiltdiuiieteTol bolCMid one wheel tunu out 100 peca; pioduction iij to ijo 
piece* in jUae hour*; mAchiae uied, t-*""*g Stunpinf & Tool Co. iot^nil grindins madune. 

B 

Wofk: — Unlverul tniumlidoD drive ihift yoke, o.ij per cent cuboo optn-beuth ited; 
atbooiied 0.030 ldcIi deep, eod hurdened. 

OpsnUon: — CriodlBg hole which ii pertly cut iwiy od both iSia with ■ Nortm (vitrified) 
iluDdum wheel, grain 36. grade K; iH incbes diameter, )i Inch face; ipeed, ;»a ILP.H.— 

S 

No. 70 Ueaid internal grinding 



ka : — Power tnvene ii used at the rate o( Gj linear incba per rainole. twenty-lbur 
beiof jequiied u complete work; pitxiuction, 160 in nine faoun; machine used. 



Fli. :... „ 

Cnp. (B) Oiinding Hole baTlns Slatted Sidei 

this race, the wheel is located by bringing it slowly in until it 
touches both sides of the V-shape race. Then the traverse 
motion of the grinding whed slide is stopped and the wheel 
slide advanced toward the operator, or, in other words, the wheel 
is fed directly in on the work until the approximate diameter 
is reached. The wheel is then withdrawn and the work gaged. 
This continues until the ball race has been ground to the correct 
diameter. In order to obviate the frequent withdrawal of the 
wheel to gage the work, the micrometer collar on the wheel 
operating slide screw is used. The race is measured by an 
internal cahper type of gage furnished with ball ends. A com- 
bination grain, soft-bond wheel is used for this work. The com- 
bination of grain in the wheel enables a greater number of 
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Vork; — Fnnt ipiDdle box mule Inim pboqAot^rnuc cuUng. 

Oiwntloa; — Crinding inletiul diuneUr ol tnier bcuinc with ■ Nortin (dutK) iluBduiII 
wheel, gtmin 46, gndtii: i« incbegdUnuta, Viincb lue; ipeed, 551s RJ-.M. — 4000 Itet 
lurfue ipod; work ipctd, 19S R.F.M. -— 150 feel Bvenge niifuc ipccd; vboudi reniQved 
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pieces to be turned out for each truing of the wheel, as it holds 
its shape much better than a straight-grain wheel. 

Grinding a Cap-shaped Bearing. — The example of internal 
grinding shown at ^ in Fig. ii is a cup for a fan-shaft bearing; 
it is made from sheet steel formed into shape, then carbonized 
and hardened in oil. The hole must not only be true and ac- 
curate, as regards size, but must be smooth and free from 
scratches. The cup-shape wheel used is fed in until it touches 
the bottom of the hole and this surface is ground first The 
action of fordng the wheel against the bottom throws the 
spindle slightly out of line, and, consequently, the internal 
diameter is also ground. Allowance is made for this on the 
work, so that, by the time the desired amount is removed from 
the bottom, the hole is practically ground to size. 
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Work:-' 
Oiwntioii: 

mdc M. H ' 



lUd, cuchudeDnd. 
1 (vitrified) il 

, . ^ R.P.M. — 1S7>. 

R.P.M. — 19.S I« Hubcc ipwl! unounl lanoved bwn duunncf, e. 



-Woili iifint accuralely located by tapcnd oateriiu phig, then whcdti fed 

b> by huod nod bole (A| in flnt iraund to xilbio o.ooi i«:h of GniiW liic. Hole (B) ii tin 

J i-t — .'.. Tiien both bola are XTDund ( 

rtecq per hour, Mftchine uied. 



pouDd LiJ 
Fioductia 



(See illustntiiA (01 limit*.) 



Voik: — Automotule gu a 
O^enllon: — Grindioi wri 
fvitn5cd] cmtoloD wh«I. gra 



u uKd; pfodiicticm, i . 



-[^rj bolq which hive been bitHize bmbed, with ■ Nort^t 
i 60. grade J. i^i inch duuneter, a 'uk)i fan; speed, 14,000 
d; work speed, U4 R.P.M. — 114 <ect lurfice ipeed; unouDt 

■ ipecLal Eiturt and is located from the open end by a ifiriiiK 
ndmg wheel spindle by a plug and damped. Hnnd travefse 
SI each piston; michine used. No. ;a Hold Inletnal grindiog 



The wheel must be kept to approximately the same diameter, 
and it requires a large number of wheels to turn out a lai^e 
quantity of work. The reason for this is that, as soon as the 
wheel is worn down much smaller than the diameter of the hole, 
it produces cross marks on the bottom or inner face, which are 
objectionable on this job. Just as soon as the grinding wheel 
finishes the internal diameter to size, a small amount of lard oil 
is squirted onto the work. Then, when the wheel is passed 
back and forth a couple of times, the result is an excellent polish. 
While it is not advisable, as a rule, to use oU on a grinding 
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Machinery 
Wofk: — Spring collet sleeve for aatomatic screw machine made from tool sted, hardened. 

Operation: — Grinding straight and tapered holes with a Norton (alundum) wheel, grain 
38-^, grade J; zVi inch diameter, H incn face; speed, 11,600 R.P.M. — 3800 feet surface 
speed; work speed, 225 R.P,M. — xoo feet average surface speed; amount removed from 
cuameter, 0.0x0 inch on straight portion, and 0.0x2 inch on tapered portion. 

Remarka : — For grinding straight hole the table is traversed ^ power at 48 linear inches 
per minute; for gxinding tapered portion, the wheel-slide is set off at an angle and the wheel 
IS brought in by hand power; production, 4 per hour; wheel is not trued up at all after first 
truing; machine used, No. a Brown & Sharpe univenal grinding machine. 



Fig. 15. Examine of Internal Grinding on Cylindrical and Taper 

Surface 

wheel because of the glazing effect, in this case, it produced the 
results desired. As soon as this same wheel strikes a rough 
piece, all the glazing effect is removed, so that it is not necessary 
to dress the wheel until it is worn down too small. 

Grinding Holes Having Keyways or Slots. — The grinding 
of a hole that has keyways is more difficult than the grinding 
of a straight or plain hole. A keyway has a tendency to tear out 
the grains from the bond of the wheel, and, consequently, a 
much harder wheel is needed for this work. Fig. i6 shows two 
examples of internal grinding of holes having keyways. There 
are several points to observe in the grinding of key-seated holes. 
In the first place, a much wider wheel should be used than that 
recommended for a plain hole, also, the wheel should be oper- 
ated by hand rather than by power feed, and should be moved 
rapidly back and forth, in order to secure a concentric hole. The 
use of a wide-face wheel and a rapid traverse generally prevents the 
keyways in the work from making the wheel grind out of roimd, 
as would be the case with a narrower wheel operated by power feed. 
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unufiaC 



on opcQ-heuth iteel diop-liuiini; 

Opandon:— GriodtDg intenul i^uneta with i NDrton (vitrified) ■lundum wfagel, (imin 
60, mdeM;iH[Dclidi«ineter,i(* inch luce; ip«d, 10,100 R.P.M.—aejo'M ■ur'*««P*ed; 
worL (pod, 400 R.P.M. — 151 Ictt miitct apeed; umunt rEnuved trora diuneter, ojss to 



Tort: — Low need mod Rvcfie alidiiu ge^r, 0.15 percent cubon open-beuth steel dwop^ 
fnriiac; afbODlzcO 0.0^ inch deep and urdcncd. 

Opantiea: — Crfaiding (pliiMd hole wilH ■ Noctan (vltrl5ed) ilundum wheel, gnia 60, 
grade N; iH inch diamcler. i^ inch Uce; ipced, 10,100 R,P,M. — ^670 l«t mrfux ipced; 
w«k specdp 400 R.P.M. — Eji feet ButfocE speed; tmoimt removed irran diuneter, 0.005 to 
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The example shown at B has four keyways instead of one, 
and, in this case, a grade N instead of a grade M wheel is used. 
This wheel is slightly harder than that used, for the example 
shown at i4, as it has been found that the greater the number of 
keyways in the work, the harder the bond of the wheel should be. 
The grade N wheel requires dressing more frequently than the 
grade M wheel but gives better resixlts, because, in a softer 
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wheel, the grains tear out too easily from the bond and do not 
give the desired finish or give as large a production. 

Considerable difficulty was at first experienced in grinding 
the holes in these gears and a large number of experiments 
were made with different grains and grades of grinding wheels. 
It has been found that wheels for internal grinding of small 
size do not come of as even a grade as large wheels used for 
external cylindrical grinding. Various means have been adopted 
to remedy this, and one method is to treat the wheels before 
using them. Where the work to be ground is hardened, and 
has keyways, making the use of a hard-bond wheel necessary, 
it has been found that the wheel will give much better resultis 
by being soaked in regular machine oil before using. The prac- 
tice followed in one shop is to leave the wheel soaking in this 
oil for about twenty-four hours, and also, when not in use in 
the machine, to leave the whed in the oil. The operator gen- 
erally keeps a number of these wheels beside the machine in a 
can of oil, and uses one wheel for several hours, then takes it 
off the spindle, places it in the oil, and replaces it with a fresh 
one. The wheel is taken out of the oil, placed on the spindle, 
and cleaned off by means of an air blast, then dressed up with a 
carborundum block. The oil-treatment seems to make the 
wheel act as though it were softer and prevents it from glazing 
to a large extent. 

The imiversal drive-shaft yoke, shown at B in Fig. 12, is a 
still more difficult proposition to grind than keyseated gears. 
In this case, over half the hole is completely cut away, leaving 
the work open on both sides. A hard-bond wheel does not 
work very satisfactorily, because it glazes rapidly and has a 
tendency to throw the grinding wheel-spindle out of line. The 
chief trouble met with in grinding this part was in getting the 
hole round; this was due to the tendency of the wheel to spring 
away when it struck the open portion of the work. The diffi- 
culty was finally overcome by adjusting the wheel and work- 
spindles so that they were rigidly supported, and also support- 
ing the work in a special fixture, and clamping it from the end. 
It will be noticed, in this case, that the bond of the wheel was 
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Woik: — BcvtI rinj! drive gcMt, s.i; per cent cubon apen-bunh 
boniud o.D^ Inch dap uid hardened ui oil. 

Opantioii: — Griodini back lacc and interu] diunetcr with 1 Nonon (vitrified) alunduni 
■pccial-ihiped wheel, 4 incho diuiwter, ^i inch ttrauht Ucc, iii iitchs wide; ipeed, u<x> 
R.P.M. — J670 f«t lurfau speed; Hoik speed. iCo R.P.M. — jio leet Lvenn surfmcei[nd; 

SoDUkl: — Id bi>thcuahADd[eediiiued,udowiii«[o>peculIu'Unnr of tbeopentor. 
ttie same srit and flraia of wheel a used (or griDdJnf woik when soft and hard; pcoductian 
wben griDding soft is m> in nine houn; when hard, i>s in mne houn; machine used. Hold 
No. IS intemsl grinding machilH. 

T«(k: — Automobile raii >ile drive pinion, o,» to 0.15 per cent carboo, 0.17 per cent 
vanadium iteet dfop-forging, tKat-treated, 

Oporatioti; — Grinding taper hole with n Norton (vitriliedl alundum whed; grain to. 
grade K; H Inch diamelei, 1 inch fiLCe; speed, ii.joo R.P.M. — ijto feel lurftce iPeed; 
work speed, 400 R.P.M. — 100 feet average surfus qieed; amcunt removed Irom diameter, 

SMttttln: — Wheel 11 fed in and out by [niot wheel; wheel is just tnieddown to start and 
wheel; pioducUon. 700 pieces in eight hours; machine uml, Bryant single-spindle chucking 



Pig. 17. Exunplaa of Intamal, P*cs, «nd Taper Hola Oiindlng 

considerably softer than that used for the examples shown in 
Fig. 16, but the conditions are not quite the same, and a hard- 
grade wheel was not satisfactory. The amount of metal to 
remove from the diameter was reduced to a minimum. 

Combined Internal and Face Grinding Operations. — The 
bevel ring 'drive gear shown at .4 in Fig. 17 is a good example of 
combin;ed hole and face grinding. The operations to be per- 
formed are the grinding of the hole and the back face. In order 
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OpentloD: — Grinding internal and eittmBl dUimetcri; eitenul diameter Enjund with a 
Dtuoit ulml, grain 46. grade M; 6 iocha diameter, iH inch (ace; apeed, ai6o R.F.M. — 
3391 feet surface Bpttd; work speed. 240 R.P.M. — isa feet surface speed; amount Temoved 
Ircpm diazneler, o^qis inch. Internal diajneter 0n>und with a Norton (vitrified) alundum 
wheel, grain so, grade K, 23i inchci diameter, )4 inch face; speed, j6iio R.P.M. — jno feet 
lurface ipeed; wnrk iperd, 140 R.P.M. — iSo feet lurlace ipicd: amount removed from 
diameter, 0.010 inch. 

Kvmaikt: — ^lieel is Cravervd by power for grinding both intemat and extemat diameten; 
for grinding exterria] diameter, trmverv is at tiK rate « 64 linear inches per minute, and for . 
Inlenul diameler, at the rate of 66.5 linear inches per minute; production, 100 piecea in nine 
boun; machine uacd, Bryant IwospiDdle chucking grinder. 

Work; — Bevel riidon, o.ij per cent carbon qpen-heatlh iieel drop-forging, cubooleed 
o.ojo inch deep and liardened. 

Opentiaa: — Giinding internal and eitcmal diameten and facing aboulder; extemai 
diameter |rround with a Norton (vitrified! alu^idum wheel, grain t6, gfnde M-, 6 inches diam- 
eter, iti inch facei speed, jsodR.P.M, — 3927 feet svrface ipeed; wort speed, 240 R.P.M. — 
n* feel surface spwd; amount removed from diameter, 0.015 inch. Internal diameter 
ground with a I^orton (vitrified) alundum wheel, grain 50, grade K, H-inch diameter, H inch 
face; speed. 15,179 R.P.M. — 3500 feet surface speed; work speed, 140 R.P.M. — Sj feet 

RamaAt : -~ Wheel is traversed by pi 



LChine used. Ui> 
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to cut the teeth, these surfaces are used for locating, so that 
the work is ground both before beuig hardened and after harden- 
ing. One method of holding a gear of this kind for grinding is 
shown in the illustration. A duplicate ring gear is fastened to 
the faceplate to locate the gear to be ground from the teeth, 
two clamping dogs holding the gear in place. In the first grind- 
ing operation, the back face is just trued up and about 0.010 



l6o INTERNAL GRINDING 

inch is removed from the hole. The production, when the geax is 
soft, is 200 gears in nine hours. 

After the teeth are cut in the gear, it is carbonized and hard- 
ened. It is then held on the same type of fixture, as before, 
for another grindmg operation; tiie same grade and grain of 
wheel is used. The back face and hole are both ground by 
feeding the wheel by hand. Generally, the same grade and 
grain of wheel is not recommended for hard and soft work, as a 
soft wheel gives better restdts on hard than on soft work. In 
this case, the operator previously used a softer wheel on the 
hardened work but foimd that the gain was not sufiident to 
warrant the changing of wheels. Another point is that the 
amoimt of surface being ground is so small that the grain and 
grade of wheel does not make very much difference. In fact, 
a rather wide range of wheels could be used. The production 
after hardening was considerably less than when the gear was 
soft and averaged about 125 gears in nine hours. 

Combined Internal and External Grinding. — Fig. 18 shows 
two examples of combined internal and external grindmg per- 
formed on a Bryant two-spindle chucking grinder. The exam- 
ple shown at i4 is a sleeve for a transmission countershaft bearing, 
the internal and external diameters of which are ground at the 
same setting by bringing the external and internal grinding 
wheels alternately into position. The other example, shown 
at £, is a bevel pinion that is handled in a similar manner. In 
addition to grinding the external diameter of the pinion, the 
back face is also ground by bringing the wheel up slowly against 
the face of the work when taking the roughing cut from the 
external diameter. 

As the foregoing examples of internal grinding indicate, there is 
a considerable difference in the wheel and work speeds used, and 
an endeavor, in each case, has been made to explain why such 
variance in practice existed. It is impossible, of course, to 
lay down fixed rules for internal grinding, but these examples 
and the accompanying data illustrate general practice. 



CHAPTER IV 

CYLINDER GRnrDmo 

There are two general methods of machining the cylinders 
of gas and gasoline engines: First, by boring and reaming, and 
second, by boring and grinding. In the manufacture of motors 
for automobiles, the grinding method is employed quite exten- 
sively at the present time, but the cylinders for many gasoline 
engines, of the type used on farms and for industrial purposes 
generally, are finished by boring or by boring and reaming. 
When there is an opening at the compression end of the cylinder, 
which makes it possible to support a boring-bar or reamer at 
both ends, naturally, reamers can be used to better advantage 
than when one end of the cylinder is closed. With closed end 
cylinders, the boring machine must be extremely rigid or else 
the boring-bar, and also the reamers used, will tend to follow 
the cored hole, with the result that the finished hole is not 
square with the crank end of the cylinder. 

In the manufacture of large and heavy gas engines, where 
the cylinder walls are relatively thick, the boring and reaming 
method is commonly employed, but for smaller cylinders, 
especially when the walls are comparatively thin, the use of a 
grinding machine for finishing becomes more imperative, if the 
greatest degree of accuracy is desired. 

The design of the cylinder, however, is not the only factor 
that is considered by manufacturers. The service for which 
the motor is intended often has a bearing upon the method of 
finishing the cylinder bore. A great many cylinders for the 
cheaper class of gas and gasoline engines are finished, at the 
present time, by boring and reaming, whereas automobile motors 
and others which must withstand severe duty are often ground, 
in order to secure as true a cylindrical surface, as possible. When 
small and medium-sized cylinders are finished by boring and 

i6i 
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reaming, either in some form of turret lathe or special machine 
designed for this purpose, they can be produced more cheaply 
than when finished by boring and grinding, so far as the ma- 
chining cost is concerned. Whether there are disadvantages 
resulting from the reaming method which offset the lower 
machining cost may depend upon the design of the cylinder as 
well as upon the service for which it is intended. 

The objections to the boring and reaming method, which are 
commonly cited, are as follows: In the first place, it is contended 
that the thin walls of the cylinder are liable to spring away from 
the cutter or reaming tool, if there happens to be a hard spot 
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Fig. z. 



illustrating Method of Grinding C^inden on Machines 
of Eccentric-head Type 



in the iron, thus forming a high surface which will cause the 
piston to leak and diminish the compression in the cylinder. 
If the cylinder is of the two-cycle type, another difficulty may 
be encountered when finishing by means of a cutter or reamer, 
owing to the ports in the walls of the cylinders. The errors 
which may result from the causes mentioned are subject to 
wide variations and may depend not only upon the design of 
the cylinder itself but upon the design and condition of the tools 
used for the work. 

The chief advantages of grinding are that the accuracy is not 
aCFected by the springing of the cylinder walls, by hard or soft 
spots in the iron, or by side f>orts, in the case of the two-cycle 
cylinder, because a grinding wheel of the proper grade cuts the 
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•metal with very little pressure. Moreover, the operation of 
.lapping, which is used in some shops to secure a better fit be- 
tween the piston and cylinder, is unnecessary when the bore is 
accurately finished by grinding. It is assimied, of course, that 
the piston rings are properly made; the outer surface or periph- 
ery should form a true circle when the ring is inserted in the 
cylinder and it is advisable to finish this outer surface by grinding. 

For grinding cylinders, a special type of internal grinding 
machine has been developed in which the work does not have to 
be rotated, as is the case with the ordinary type of internal 
grinding machines. The grinding wheel not only rotates about 
its own axis but has a circular or planetary movement (as indi- 
cated by the diagram. Fig. i) so that it follows around the 
walls of the hole being ground as the work is fed in a lengthwise 
direction. A table mounted on a traveling carriage is pro- 
vided for supporting the work. The grinding spindle is car- 
ried in double eccentrics, i.^., one eccentric inside another, 
which are mounted on the headstock of the machine. The 
two eccentrics may be rotated relatively to each other, to in- 
crease or decrease the eccentricity of the wheel-spindle, and thus 
give the wheel a circular path of varying diameter. The cylin- 
der to be ground is traversed with relation to the grinding 
wheel, and after the wheel reaches the bottom of the hole, the 
automatic feed is reversed and the cylinder fed out. As the 
work travel reverses, the wheel is fed outward for taking another 
cut, as it is traversed through the cylinder bore. Before con- 
sidering some of the more important points connected with 
cylinder grinding, two machines especially adapted for this 
work will be described in a general way. 

Heald Cylinder Grinding Machine. — The cylinder grinding 
machine shown in Fig. 2 is adapted not only to the grinding of 
gas and gasoline engine cylinders but to a variety of other inter- 
nal grinding operations. A machine of this type is of especial 
value when the parts to be ground are of such a shape that it is 
impracticable to revolve them. As explained in the foregoing, 
it is equipped with a grinding spindle, which, in addition to 
rotating about its own axis, has an eccentric rotating movement. 
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On the front of the colunui, a knee A is mounted, which carries 
the main sliding table B and provides vertical adjustment. 
The main table has a cross-slide table C, so that two, three, or 
four holes in the same cylinder casting can be ground to accurate 
center-to-center distances by simply adjusting the table laterally. 
The travel of the main table is automatically reversed at any 
desired point which is controlled by the position of the dogs 
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shown. The rate of the travel is varied by a quick-change gear- 
box seen on the front of the column. The head carrying the 
wheel-spindle is driven through a quick-change speed-box located 
at the base of the machine. The machine is equipped with a 
centrifugal pump and a large water tank, for use in maintaining 
a uniform temperature of the work during grindii^, the water 
being pumped into the jacket and over the outside of the cylinder 
and not inside of the bore. The advantage of grinding in this 
way will be referred to later. This machine also has an exhaust 
fan for carrying away the dust produced in grinding. 
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The grinding bead, a detailed view of which is shown in Fig. 3, 
consists of two eccentrics, as previously mentioned; one located 
within the other, and the outer or larger eccentric revolves in the 
main bearings of the machine. The hole in the large eccentric, 
in which the inner eccentric is fitted, is not centrally located, 
and, moreover, the hole in the inner eccentric, through which 
the ^indle passes, is also in an eccentric position; therefore, by 
revolving the inner eccentric within the outer one, the amount of 



eccentricity of the wheel-spindle, in relation to the axis of rota- 
tion, may either be increased or decreased, thereby causing 
the wheel-spindle and grinding wheel to rotate about a circle 
of larger or smaller diameter. This adjustment provides means 
for grinding holes of different size and also for feeding the wheel 
in or out. It is effected by means of a geared feed mechanism 
illustrated in Fig. 3. 

When a small adjustment b desired, such as would be re- 
quired for varying the depth of the cut, this may be made by 
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turning the knob A, whereas, for large adjustments, such as 
might be necessary for grinding holes of different size, a crank 
would be applied to shaft B. The micrometer dial E makes it 
possible to adjust the wheel a definite amount with great accu- 
racy. While the knurled knob A is most generally used for fine 
adjustments, when the head is in motion and revolving at one 
of the lower speeds, it is preferable to use the lever C at the left 
of the main bearing, when the head is rotating at the higher 
speeds, as when taking a finishing cut. When this lever is 
drawn toward the bearing by the operator, it serves to turn the 
star-wheel D one notch for every rotation of the head, which 
represents an adjustment of about 0.00025 inch in radius. 

The cross-slide table is equipped with adjustable dogs which 
can be set to give approximately the center distance when 
transferring from one hole to another. The exact center may 
be obtained by means of the micrometer dial on the cross-feed 
screw, which should be set at zero for the first hole, and the posi- 
tion of the dial noted for the other holes. 

Brown & Sharpe Cylinder Grinding Machine. — Another 
design of cylinder grinder is illustrated in Fig. 4. This machine 
is also equipped with a grinding spindle which has a planetary 
motion. The work to be grotmd is mounted either upon the 
sliding table A or cross-table B and is ordinarily held in a suitable 
fixture. For ordinary cylinder grinding, the fixture, as a rule, 
may be of simple design. The cross-table rests upon a saddle, 
which, in turn, is mounted upon the sliding table and is clamped 
by bolts which slide in a T-slot, so that the saddle can be moved 
along table A to any desired position. Four adjustable stops 
are provided on the edge of the cross-table; these stops engage 
a block on the saddle to aid in properly locating the cross-table 
laterally. This block is hinged and may be swung down and 
out of the way of the stops. 

The wheel-spindle is driven by a belt which passes under 
two idler pulleys D and E and over pulley F on the spindle. 
One idler pulley is stationary and the other is mounted upon 
an adjustable amx, the tension of the belt being regulated by a 
spring, which may be seen at the right-hand end of the machine. 
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The spindle-revolving drum carries the spindle and rotates 
it within any radius up to the maximum capacity of the machine. 
The drum is driven from overhead works through cones that 
provide different speeds. A fast and slow series of speeds is 
obtainable by means of a lever attached to the front of the ma> 
chine. The front end of the ^indle is tapered to receive the 
wheel sleeves. The wheel-kindle has both r^id and fine 
adjustments for grinding different diameters, the former being 
obtained by a crank which is inserted into the head, and the 
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latter by a lever E at the front of the spindle head. The wheel 
may be fed to the work or withdrawn from it without stopping 
the mechanism. 

The wheel-spindle head is mounted upon a bridge which 
spans the work-table, as the illustration shows. This head 
is provided with means for slight vertical and transverse ad- 
justments which are used for aligning the spindle with reference 
to the fixture in which the cylinder is held when the fixture 
is first placed on the machine. The spindle head is also ad- 
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justed, in some cases, when the cylinders to be ground have 
been bored a little higher or lower than they should have been. 
These spindle-head adjustments, however, are of the greatest 
advantage when regrinding cylinders, if the latter are not 
located by a fixture and the spindle must be set for each job. 
The transverse adjustment is made at / and the vertical ad- 
justment at K. 

An exhaust fan, driven from the overhead works, is attached 
to the rear of the machine and serves to draw the dust away 
from the work and into a tank partly filled with water. The 
fan is connected with the part being ground by the flexible 
rubber tubing G seen to the left of the machine. A wet grinding 
attachment may be applied to this machine, although it is not 
a part of the regular equipment. The subject of wet and dry 
cylinder grinding will be considered later. 

Having now considered some of the more important features 
of these special cylinder grinding machines, a number of points 
that should be considered in connection with this work will be 
referred to. Much of the following information on cylinder 
grinding was obtained from the Heald Machine Co. 

Selecting Wheels for Cylinder Grinding. — The importance of 
selecting a wheel of the correct grade and grain, for the par- 
ticular quality of iron to be ground, cannot be over-estimated, 
as the wheel used very materially affects the production and 
quality of the work. If the wheel glazes and cuts slowly, it is 
too hard, resulting in a very small production and holes that 
are not straight or round. The best plan is to use just as soft 
a wheel as will stand up under reasonably heavy cuts; more 
work of better quality will be the result. In selecting wheels, 
it is very important to consider the different grades of iron 
that may be used from time to time. Frequently, a ^change 
of wheel will result in a considerable reduction in the time 
required for grinding, and, sometimes, it will enable one to 
obtain a round hole when there have been difi&culties in this 
particular. 

Many suppose, that, in order to produce a smooth surface, a 
fine wheel is necessary; this is not the case, however, as the 
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quality of the surface depends more upon a true wheel-face 
and the feeds and speeds used in grinding, than upon the grain 
of the wheel. It will generally be found true that a moderately 
coarse and free-cutting wheel is the most satisfactory. Ordi- 
narily, if the operator errs in any respect, it will be in using too 
fine or too hard a wheel. Do not think because a wheel wears 
down quickly that a harder one would be more economical; 
as a general rule, increasing the hardness of the wheel causes 
such a reduction in output that the cost of the wheels will be a 
mere trifle in comparison. There should be no difficulty, where 
other conditions are right, in producing a good surface with a 
fairly coarse wheel, say, from 46 to 60 grit or grain, and a grade 
not harder than K (Norton system of grading), but the wheel 
must be trued up so that it runs perfectly true on its face. 

Wheels made from carbide of silicon abrasives, such as car- 
borundum and crystolon wheels, are recommended for cylinder 
grinding. While the exact determination of the correct grain 
and grade is a matter of experiment, one of the following seven 
crystolon wheels should prove satisfactory: 30-I, 30- J, 30-K, 
36-I, 36-J, 36-K, so-H. As coarse and soft a wheel should be 
used as possible, as it cuts faster and freer, and tends to produce 
a straighter and rounder hole than wheels of harder grade and 
finer grain. The soft wheel also requires the expenditure of 
less power. As with other grinding operations, a hard dense 
iron requires a softer wheel than would softer iron. Other 
conditions being equal, a softer wheel should also be used when 
a comparatively large amount of material is to be removed by 
grinding. When the cylinder walls are quite thin and easily 
distorted in boring, a slightly softer wheel should also be used, 
in order to take care of the uneven distribution of the metal. 
When cooling water is circulated through the jackets, slightly 
harder wheels may sometimes be used. A harder bond is also 
desirable when there are ports in the cylindrical wall, because 
these ports have a dressing or shaving action* upon the surface 
of the wheel. 

Gas engine manufacturers have different ideas as to the 
quality of finish for cylinders; consequently, one manufac- 
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turer will use a coarse, rapid-cutting wheel and obtain a medium 
grade of finish, whereas, another will prefer a finer, slower- 
cutting wheel, in order to obtain a smoother finish. Some wheels 
for this work are of grains of a single size, whereas others are a 
mixture or combination of different sizes. The American 
Emery Wheel Works recommend carboKte wheels having a 
grain var3dng from 30 to 60. The grades in which these wheels 
are suppUed for cyHnder grinding are usuaUy H, I, J, K, and L, 
the softer wheel grades being used for the harder grades of 
cast iron, and vice versa. 

In selecting the grade of the wheel, the rigidity of the grinding 
machine is a point which is often disregarded, although it is an 
important factor. Other conditions being equal, a softer 
wheel may be used in a stiff, rigid machine than in one which 
vibrates considerably during the grinding operation. For in- 
stance, a wheel of grade J might be suitable for a rigid machine 
but entirely too soft on another machine loosely adjusted or 
not so rigidly built. When the grinding spindle vibrates, the 
abrasive grains are torn from the wheel, not only by the grinding 
action, but as the result of the vibration, so that a wheel of 
harder grade is necessary. 

Method of Operating Cylinder Grinder. — When grinding 
cylinders for automobiles and marine motors, the output de- 
pends upon the method of operating the machine as well as 
upon the machine itself and the proper selection of feeds, speeds, 
and a suitable grinding wheel. The following general informa- 
tion on the method of handling a cylinder grinding machine 
of the t3T)e illustrated in Figs. 2 and 3 was obtained from GrUs 
and Grinds pubhshed by the Norton Co. It is assumed that the 
cylinders are cast en bloc or in one solid piece, and that the bore 
is from 0.005 ^^ 0.020 inch undersize, this being the amount left 
for grinding. 

The cylinder casting is clamped in a fixture bolted to the 
table of the machine and the dust exhaust nozzle should be 
connected to the rear end or top of the cylinder. It is also 
preferable to circulate cooling water through the water jacket 
of the cylinder. The operator first adjusts the eccentric grinding- 
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wheel spindle until the wheel is cutting evenly all around the 
hole; this being done on the first or in- traverse of the table. 
The wheel is then fed in heavily (about o.cx>4 or o.cx>5 inch) 
just before the outward traversing movement begins; the wheel 
being allowed to cut under this pressure for about two traverses 
or strokes. Then, if the total amount of material to be removed 
warrants it, the wheel is again fed in a similar amount, or enough 
to reduce the size of the cylinder to within about 0.002 inch of 
the required diameter. Usually, an examination of the interior 
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Fig. 5. Chart showing Trftyersing and Feeding Moyements of Wheel 

when Grinding a Cylinder 

surface, at this stage, indicates that the wheel-face should be 
trued with a diamond, in order to secure the desired finish. 

If no cooling water is circulated through the water jacket, 
the heat generated by grinding will undoubtedly expand the 
cylinder wall an appreciable amount, and the operator must 
use his judgment as to how much the hole should be ground 
oversize to compensate for the skrinkage when the casting 
cools. The size of the bore is usually determined by using a 
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plug gage or an inside micrometer caliper. The diagram shown 
in Fig. 5 illustrates graphically about how the feeding of the 
wheel is varied for the different stages of the grinding operation 
and also the number of traversing movements necessary imder or- 
dinary conditions. The grinding operation represented by this 
particular diagram, however, was not particularly favorable 
to a good record. The cylinders were the single t3T)e with a 
4j-inch bore, 9J inches long. The material was hard dense iron 
and no cooling water was used in the jackets. The time for 
grinding, including handling and wheel truing, was seventeen 
minutes per cylinder. As the diagram indicates, the wheel, 
while taking the roughing cuts, was cutting under rather severe 
pressure due to the frequent feeding in of the wheel without 
allowing it to cut itself free. This procedure was followed in 
order to secure the desired rate of production. 

The principal factors which effect the grinding action and the 
kind of wheel required may be summed up under the following 
heads: Hardness and texture of the iron; amount of material 
to be removed by grinding; thickness of cylinder wall; shape 
of casting and general distribution of metal; whether, or not, 
water is circulated around the cylinder walls; whether, or not, 
the cylinder has ports; the combination of the wheel speed, 
eccentric rotation of the wheel, and the table traverse; the 
presence of oil or dirt on the cylinder wall; and the intelligence 
and skill of the operator. 

Spindle Rotation and Work Feed. — No fixed rule can be 
given for determining the proper combination of eccentric or 
wheelhead rotation and table traverse for cylinder grinding, 
since the speed and feed depend upon the kind of wheel being 
used, the amount of metal to be removed, and the hardness 
of the iron. Frequently, a sKght change in the hardness or 
texture of the iron will necessitate either a change in the speed 
or feed or the use of a grinding wheel of different grain and 
grade, and, in some cases, both changes are desirable. If there 
is little stock to be removed from the cylinder bore, it doubtless 
would be advisable to regulate the table traverse, so that a 
feeding movement equal to about three-quarters of the wheel 
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width is obtained; in conjunction with this rapid traverse, 
comparatively light cuts would be taken. On the other hand, 
if there was considerable stock to remove or in case the material 
was hard to grind, it might be preferable to reduce the feeding 
movement and take deeper cuts, so that the leading corner 
of the wheel would do most of the cutting; with this method, 
the cylinder wall would probably be subjected to less pressure 
than when nearly the full width of the wheel-face was doing 
the grinding. 

Both coarse and fine feeds are used for finishing, the method 
often depending upon the personal preference of the operator 
or manufacturer. Those who desire a very smooth finish use 
fine feeds, so that there is no trace of feed marks in the finished 
bore. In other shops, where slight feed marks are not consid- 
ered objectionable, a coarser feed Or more rapid table travel 
is employed and good results are obtained by this method, pro- 
vided the wheel-face is properly trued for finishing. In fact, 
after the cylinder has been used a short time, the bore will be 
rubbed down, so that there is no perceptible difference between 
the surface produced with a fine feed and the one ground by 
using a coarser feed. 

If it were possible, in every case, to secure the ideal wheel 
as to grade and grain, and castings were exactly uniform as to 
hardness, etc., then on a given machine, standardized condi- 
tions could be established; but, in a factory having several 
machines which may differ slightly as to adjustment, etc., and 
with castings and grinding wheels varjdng slightly, it is impos- 
sible to standardize the traverse of the table per revolution of 
the wheel, speed of rotation, or the depth of the cut, and the 
most efl&dent results depend, in part, upon the experience and 
intelligence of the operator. 

It is common practice, when taking the roughing cut, to 
rotate the head slowly and use a feed for the work-table equal 
to about one-half or three-quarters of the wheel width. After 
the stock has been removed to within about 0.00025 iuch of 
the required size, the wheel should be trued carefully for the 
finishing cuts, and then the speed of rotation for the eccentric 
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head should be increased and very light cuts taken until the 
hole is ground to size. When finishing, the wheel should be 
allowed to run through the work at least two or three times 
without any increase of cut, so that any possible spring in the 
spindle will be eliminated. Ordinarily, for finishing, the feed 
or table traverse is reduced, in order to remove the feed marks, 
although, by using the most rapid table feed for the final cuts, 
the time for the finishing operation may be reduced and the 
surface produced will be smooth enough for practical purposes. 

A wheel with a f -inch face is now being used in many shops 
instead of the §-inch wheel which has been used so extensively. 
This wider wheel is said to increase the production and it also 
permits the use of a slightly softer grade. When roughing, in- 
asmuch as the advancing edge of the wheel does most of the work, 
it is apparent that the alternate use of first one-half the wheel- 
face and then the other half, by reversing the position of the 
wheel on the spindle, tends to cause the wheel to wear evenly. 
If there is surface dirt or oil in the cylinder, this should be 
removed before attempting to grind, as, otherwise, a soft free- 
cutting wheel is liable to cut and glaze. 

Allowance for Cylinder Grinding. — The allowance for cylinder 
grinding should ordinarily be about o.oio inch. Obviously, 
this allowance may be either too small or too large. In many 
cases, too much material is left for grinding, either because it 
is feared that the cylinders will not *' clean up" or be entirely 
true, owing to inaccurate boring, or because of carelessness in 
allowing the boring tools to be under size. This allowance 
might be as small as 0.004 ^^ 0.005 inch, or as high as 0.050 
inch, but the latter amount is excessive and it is preferable to 
reduce the hole by boring to within, say, 0.008 or o.oio inch 
of the desired size; the output might be increased by allowing 
even less, although, for average conditions, this is not recom- 
mended. Since the time for grinding depends partly upon the 
allowance, the importance of rough-boring the cylinders can 
be readily appreciated. It is not necessary that the boring 
be done so as to leave a smooth finish, but the hole should be 
reasonably true, approximately cylindrical, and square with 
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the flange on the end of the cylinder. It is much more ^onomi- 
cal to prevent errors in machining, that may easily be avoided, 
than to correct these errors on the grinding machine. 

Truing Wheel for Cylinder Grinding. — When truing the 
wheel of a cylinder grinder, the head, of course, should remain 
stationary, the spindle being allowed to rotate in one position. 
A diamond should be fed across the wheel-face by traversing 
the work-table. This diamond should be rigidly held to the 
work-table or to the fixture. It is the practice of the Heald 
Machine Co. to mount the truing diamonds in special brackets 
which are usually bolted to the face of the work-holding fixture, 
as shown in Fig. 6. The wheelhead is turned until the wheel is 
directly in front of a diamond, which is then adjusted toward 
it sufl&ciently to make the proper contact. When rough-grind- 
ing, it does not matter if the wheel surface becomes coarse and 
somewhat rough, as it then tends to cut freer; before taking 
the finishing cuts, however, the wheel should be trued. When 
grinding small holes, the wheel does not need to be trued as 
frequently as for larger work. A wheel dresser or a brick of 
abrasive held in the hand should not be used for wheel truing. 
Sometimes wheels are not of an even thickness which makes them 
out of balance when running at the high speeds required. In 
such cases, the operator should true up the wheels on the side 
as well as the face, to correct this error, because a wheel that 
is out of balance sets the spindle vibrating and makes it diffi- 
cult or impossible to obtain a good surface on the work. 

Annealing Cylinders. — Some manufacturers anneal their 
cylinders after the rough-boring operation, in order to facilitate 
whatever permanent changes of shape are likely to occur, due to 
the removal of the stock by boring. This annealing of the 
cylinders, and finishing them to accurate size afterwards, is to 
be recommended. 

Temperature of Cylinder for Grinding. — When a cylinder is 
being ground, it is advisable to maintain a imiform temp>erature 
in the cylinder casting, to prevent distortion. For instance, if 
the heat generated by the grinding operation were to distort the 
cylinder walls, obviously, the bore would not be cylindrical when 



176 CYLINDER GRINDING 

it became cool. In order to maintain a more imiform tempera- 
ture, when grinding, water is circulated through the jacket and 
over the outside of the cylinder near the crank end. The water 
is not used in the bore of the cylinder, the grinding being done 
dry rather than wet. According to the Heald Machine Co., 
most manufacturers who finish cylinders by grinding use cold 
water for maintaining a imiform temperature. There are those, 
however, who believe in grinding cylinders hot, by using hot 
water instead of cold. The reason given for this practice is 
that, inasmuch as the cylinders are hot when the engine is 
running, the grinding should be done under conditions somewhat 
similar to those which exist in actual service. In other words, 
if the cylinder is ground true while hot, it will naturally assume 
this true form when heated. 

Ordinarily, it would be more convenient to supply cold water 
than hot, and some manufacturers contend that cold water 
is also preferable, because the inspection of a cylinder for accu- 
racy that has been ground cold is an easy matter, whereas one 
that has been heated by grinding becomes cold before the in- 
spector receives it, and, consequently, he cannot determine 
within what limits of tolerance it was ground by the operator. 
As to the grinding of cylinders while hot, experience has shown 
that there is considerable variation in the amount that different 
castings will change in shape, due to a rise in temperature. 
This variation is caused by the difference in the design of cylin- 
ders or the relative locations of port openings, walls, etc. For 
tliis reason, a careful examination of the change caused by tem- 
perature variations should be made before deciding whether 
to grind hot or cold; thus, if the cylinder casting changes but 
slightly, the advantage which might be gained by grinding hot 
will doubtless be more than offset by the inconvenience of the 
hot-water method. 

Wet and Dry Cylinder Grinding. — The question of wet and 
dry grinding has been thoroughly tested and the general expe- 
rience has been entirely in favor of dry grinding, that is, without 
water on the wheel or in the hole. According to tests of the 
Heald Machine Co., wet grinding does not give a satisfactory 
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surface to the work or allow the removmg of satisfactory amounts 
of stock, by the different cuts; moreover, there seems to be a 
tendency for the wheel to load up with dirt, which difficulty 
is not experienced in dry grinding. As the purpose of using 
water is to maint^ the work at a uniform temperature, it is 
recommended that water be run into the jacket, and over the 
outside of the cylinder, as previously mentioned, thus securing 
all the a.dvajitages of dry grinding and also the advantages 
of uniform temperature. 

Causes of Inaccurate Work. — If, at any time, there is trouble 
in obtaining round holes, first make sure it is not due to the 



cooling off and unequal contraction of the work between the 
time of grinding and measuring of the hole, for, if the cylinder 
is ground without the use of water, it will expand to quite an 
extent, and, in cooling, will contract unevenly according to the 
distribution of the metal in the cylinder. If this is not the cause 
and the error is in the grinding, then wheels of other grades 
and grains should be tried. Very frequently, this will correct 
the difficulty; if it does not, then the machine must require 
adjustment at some important point. The grinding-wheel 
spindle may be too loose in its bearings. The inner eccentric 
may be loose in the main rotating head, either at one or both 



178 CYLINDER GRINDING 

ends, or the gib screws in the table may require adjustment. 
A very slight adjustment of some of these parts will often make 
a great improvement in the accuracy of the work. 

Fixture for Cylinder Grinding. — The fixture which is used 
for holding the cylinder while the bore is being groimd is a 
very important part of the equipment. This fixture should 
be so constructed that the bored cylinder can be quickly located 
with reference to the spindle of the grinding machine. Figs. 6 
and 7 show front and rear views of a fixture designed by the 
Heald Machine Co. for holding a four-bore casting. This 
same design would, of course, be equally satisfactory for dther 
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single or duplex cylinder castings. The finished face of a 
casting is clamped agunst the faceplate of the fixture by a 
single_bar-shaped clamp which extends across the end of the 
casting, as shown in Fig. 7. In order to release the work, the 
eccentric clamping lever is pushed upwards and the bar swimg 
down out of the way. 

To locate the four-bore cylinder vertically and horizontally 
in this fixture, two plugs are used, one being placed in each end 
hole. These plugs rest upon the lower edge of the rectangular 
opening in the faceplate and the casting is shifted until the 
plug at the left-hand end of the cylinder bears against the end 
of the faceplate opening. In this way, the work is accurately 
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located, and, after it is clamped in position, the plugs are re- 
moved. This same method of locating may be used for either 
duplex or single cylinders, with the exception of those having 
a "neck" finished on the flange end; with this form of cylinder, 
the neck is utilized in the same way as the plug. 

Re-grinding Worn Cylinders. — Cylinder grinding machines are 
often used in repair shops throughout the country for re-grinding 
worn cylinders. They are imsurpassed for this work because 
a minimum amount of stock has to be removed to true up the 
hole, and, if the walls should happen to be scored deeply on one 
side (which is often caused by a loose wrist-pin), the machine 
can be set to grind mostly on that side, thereby removing the 
least possible amount of stock to true up the bore. The lead- 
ing manufacturers now carry oversize pistons and rings in 
stock; therefore, the repair man has simply to grind out from 
o.oio to 0.030 inch, as may be necessary, and then insert the 
proper size pistons and rings, and the cylinders are as good as 
when new. 



CHAPTER V 
SURFACE GRINDING 

The grinding of plane or flat surfaces is known as surface 
grinding and differs from cylindrical grinding in many respects. 
In the first place, the wheel makes greater contact with the 
work, especially when cylinder or cup wheels are used; conse- 
quently, more trouble is experienced with heating and warping. 
The surface grinder is indispensable in the tool-room for truing 
parts that have been distorted by hardening and for producing 
fine accurate surfaces. Many of the machines built, at the pres- 
ent time, are also efficient for producing flat surfaces in con- 
nection with manufacturing operations. Ordinarily, the surface 
grinder is used for finishing parts which have been milled or 
planed approximately to size, although many pieces are ground 
from the rough on the large machines used for manufacturing 
purposes. Surface grinding, in connection with tool-room work, 
is generally done dry and is used chiefly as a means for correct- 
ing hardened parts, or in cases where exceptional accuracy is 
desired. When surface grinding is done wet, little trouble is 
experienced in heating and warping, but it is not always feasible 
to use water or other cooling mediums, owing to the nature of the 
work and other requirements. Several interesting methods of 
preventing imdue heat and warping in grinding dry, as well 
as different examples of work with complete data, will be given 
in the following. 

Surface Grinding Methods. — Surface grinding is done on 
several different types of machines, some of which are adapted 
principally to tool-room work, and others, to general manufac- 
turing. A common method of grinding a flat surface and one 
that is generally used on tool-room work is shown by the dia- 
gram A in Fig. i. The work a is traversed beneath the grinding 
wheel 6, as indicated by the dotted Une, and either the wheel 
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or work is fed laterally (see end view) at each end of the stroke, 
so that the periphery of the wheel gradually grinds the entire 
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surface. With this method of grinding, especially on thin 
work, considerable trouble is experienced with local heating 
and warping. In order to reduce this trouble to a minimum, 
light cuts with coarse traverse feeds — almost equal to the 
width of the face of the wheel per each stroke — are advisable. 
The chief cause of warping is due to the fact that the heat gen- 
erated by grinding cannot be absorbed quickly enough by the 
part being groimd to allow it to expand uniformly and the ex- 
pansion of the heated surfaces causes it to assume a convex shape. 
When the wheel is removed and the heat has been absorbed 
by the work, the ground surface will be concave, and to grind 
it perfectly flat, light cuts with fast side feeds of the wheel are 
necessary, in order to cover the surface quickly and insure a 
more even distribution of heat. 

Another method of producing flat surfaces is shown at £ in 
Fig. I. In this case, it will be noticed that the wheel b is slightly 
greater in width than the work and covers the entire surface 
to be ground. When usmg this type of wheel, the grinding 
must be done wet, as the surface contact of the wheel on the work 
is greatly increased. When the grinding is done wet, very accu- 
rate work can be secured by this method, provided the wheel 
is properly trued. 

The diagram at C shows still another method of producing 
flat surfaces. The wheel ft, in this case, is of the cylinder or 
ring type, and the vertical surface c is ground by being trav- 
ersed past the face of the wheel; hence, this is often called face 
grinding. This method of grinding is used quite extensively 
in the grinding of comparatively large castings such as crank- 
case covers, gear housing, crankcases, and similar work. 

The diagram shown at D illustrates the operation of what is 
known as the vertical surface grinder. The grinding is done 
either by a cup or cylinder wheel b whi<;ii revolves about a ver- 
tical axis. The work a is held on a reciprocating table by 
means of a magnetic chuck or fixture and is traversed back 
and forth beneath the grinding wheel. The wheelhead remains 
stationary, as far as lateral motion is concerned, and is fed 
down gradually at the end of each stroke until the desired 
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amount of material has been removed. Grinding on a machine 
working on this principle is always done wet. 

The diagram shown at E illustrates the operation of another 
type of vertical surface grinding machine. In this case, the 
work-table has a rotary instead of a reciprocating movement, 
and the head carrying the cylinder wheel b is fed down a certain 
amount for each revolution of the work-table. This type of 
machine is suitable for grinding piston rings, fadng the sides of 
ball bearing race rings, and for many other machine and engine 
parts. It can also be used for the grinding of the sides of saws, 



the required clearance being obtained by setting the axis of the 
wheel-spindle to an angle less than 90 degrees with the top 
surface of the work-table. There is another type of rotary 
surface grinder which differs from the type indicated at E in that 
a disk-shaped grinding wheel is used, the wheel being mounted 
on a horizontal spindle. 

Cooling Water for Surface Grinding. — When it is possible 
to use water, the trouble generally experienced from heating 
and warping of the work can be overcome. For the grinding 
of cast iron and hardened steel, sufficient sal-soda should be 
added to the water, to prevent rusting. For grinding soft steel, 
it is advisable to add some cutting oil to the soda water, as 
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this Will improve the finish on the work. The amount of oil 
used in the soda water is generally in the proportion of 
I gallon of mineral lard oil to 32 or 35 gallons of soda water. 
On machines of the type illustrated by diagrams D and £, 
Fig. I, plenty of cutting lubricant should be used inside the 
rim of the wheel, as overheating of the wheel-face is likely to 
cause cracking. In most cases, no additional lubricant would 
be required, except for broad surfaces where it may be necessary 
to use an outside nozzle to assist in cooling the work. 

Warping of Thin Work when Grinding Dry. — When it is 
necessary to grind thin pieces and secure accurate results, many 
diflferent methods of preventing warping are resorted to. One 
method that has been used with success is illustrated diagram- 
matically in Fig. 2. The piece to be ground is J inch thick by 
f inch wide by 6 inches long, and is made from steel, case-hard- 
ened. In grinding this piece, by holding it in direct contact 
with the face of the magnetic chuck, it is practically impossible 
to bring it to a uniform thickness. The method adopted, in 
grinding this particular piece, was to rough it out by holdmg it in 
direct contact with the magnetic chuck, leaving about 0.002 
inch to remove in finishing. Two accurately ground parallel 
strips were then placed on the magnetic chuck with the work 
located on them in about the position shown. The current 
was then turned on for the operation of finish grinding. The 
first step was to true the face of the wheel, which, it will be 
noticed, is provided with eight diagonal notches cut in its periph- 
ery at an angle of 45 degrees with the axis of the wheel- 
spindle. The work was then ground by taking very light cuts 
with coarse side feeds and rapid table traverses, the work 
being turned over after taking a cut from, each side. This pro- 
cedure was followed until the desired thickness was obtained. 

By holding the work in this manner^ warping was practically 
eliminated, because supporting the part in this way and turning 
it over after each cut prevented imeven heating. A current of 
air is allowed to pass through freely under the work at all points, 
except where it contacts with the parallel strips. In addition, 
the diagonal notches in the wheel-face convert the wheel into 
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a fan, assisting in cooling the work. Even with this method of 
holding and grinding, it would be impossible to get the piece 
absolutely flat without inverting it at every cut. This method, 
of course, is not recommended for manufacturing purposes, as 
the expense would be prohibitive, but this illustration is given 
simply to show how a thin piece of work can be ground accu- 
ratfily when it is impossible to use water. It will be under- 
stood that very light cuts must be taken. 

Figs. 3 and 4 show another method of holding thin work to 
prevent warping when grinding. In this case, the work being 
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ground- is a steel plate 0.050 inch thick by | inch wide by ij^ 
inch long, which must be ground paralleljo a limit of 0.0005 "^^h 
in thickness from end to end. The method of grinding these 
pieces was to arrange forty-eight of them on a Heald 6- by 8-inch 
rectangular magnetic chuck in the manner shown in Fig. 4. 
Instead of placing the chuck on the grinding machine table 
with the magnetic poles parallel with the axis of the wheel- 
spindle, the position was reversed, so that the poles were at 
ri^t angles to the axis of the wheel-spindle. The pieces were 
then arranged in double rows butted together and overlapping 
the non-magnetic surfaces in the manner illustrated. While this 
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arrangement, to a certain extent, reduced the strength of the mag' 
netic flux, it made possible the holding down of the pieces with an 
equal pressure for their entire length. In order to prevent undue 
heating, a wheel of the shape shown in Fig, 3 was adopted. The 
efficiency of this method is proved by the fact that 1320 pieces 
were ground to the limits required in 30.6 hours, the time for 
grinding each chuck load being a Uttle over an hour. 

Holding Warped or Sprung Work. — If a thin or light piece 
is warped when it comes to the surface grinding maclune, con- 
siderable care must be exercised in holding it, in order to pre- 
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vent distortion. For instance, if it is held on a magnetic chuck, 
the pull of the chuck may so distort it as to make it out of true 
when released. Turning such a piece over several times during 
the grinding will, to a. certain extent, eliminate much of the 
variation. When grinding large thin parts with a vertical- 
spindle rotary type of machine, warping can be minimized by 
placing the work central on the chuck, lising suitable stops, 
and grinding the first side without using any magnedc current. 
This operation need only be carried far enough to produce 
a fair bearing on one side and present a flat surface to the chuck 
so that the work can be held magnetically. Large thin plates 
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such as circular saws are often best ground without using the 
magnetism at all. A good general rule to follow, in practi- 
cally all work that is warped or sprung out of shape, is not 
to hold it magnetically at all for grinding the first side but to 
support it in some other way, so as not to distort it. 

Holding Non-magnetic Work. — When grinding brass, alu- 
minum, and other non-magnetic materials, the work must be 
clamped or secured by some other means than by direct mag- 
netism. The method generally used is to employ a vise, clamp- 
ing fingers, or other work-holding fixtures for retaining the part 
to be ground, where the use of such devices is possible. If 
the work is quite heavy, it can be held on a chuck, by simply 
using a backing-up strip to prevent it from shifting. When the 
piece is in the shape of a ring or plate, and a vertical-spindle 




Pig. 5. Ezamplet illuBtrating Methods of Holding Non-magnetic 
Work on Magnetic Chuck by using Strips or Stops 

rotary type of machine is used, it can be ground by being placed 
centrally on the chuck; in this case the work will be held down 
by the wheel itself and need only be centered by stops or by a 
plug in the center of the hole, if there is one in the piece. 

The magnetic chuck can sometimes be used to advantage 
for holding non-magnetic work by using strips or stops as shown 
in Fig. 5. In diagram -4, four small steel blocks are placed 
and held on the magnetic chuck as illustrated, and prevent the 
casting b from shifting, enabling it to be ground. Still another 
method is shown at B where a chuck ring c and four pieces d 
are used for supporting the work and preventing it from shifting 
on the magnetic chuck. Still another method is shown at C 
where the pieces for supporting the work are clamped by bolts 
to the face of the chuck. This method can also be adopted when 
an ordinary non-magnetic chuck is used. 
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Non-magnetic work of box form can be held magnetically 
by using blocks of cast iron or steel which are placed inside the 
parts to be ground. The magnetic attraction of these blocks 
will be strong enough to hold the work, provided the thickness 
of the part between the blocks and chuck does not exceed about 
lV inch. This same method has been successful for holding 
thin pressed steel boxes, the sides of which were so high that 
the boxes could not be held rigidly enough for grinding the upper 
edges without placing the magnetic blocks inside. 

Wheel Speeds for Surface Grinding. — The grinding wheel 
speeds for surface grinding are generally less than those for 
external cylindrical grinding and vary between 3000 and 5000 
feet per minute. The speeds are generally higher for a disk 
wheel than for a cylinder or ring wheel, the latter grinding on 
the edge instead of on the circumference. On a surface grinding 
machine of the type shown in Fig. 3, which has a disk wheel, 
the speed is usually about 5000 feet, whereas on a Blanchard 
vertical surface grinding machine,- the wheel speed is about 
4000 feet per minute. On the Heald rotary surface grinder, 
which has a disk wheel, the speed is about 5000 feet per minute. 

Work Speeds and Feeds. — The feeds and work speeds to 
use for surface grinding depend largely on the method of ap- 
plying the wheel to the work. On the type of surface grinding 
machine which operates on the principle shown at -4 in Fig. i, 
the traverse speed of the table varies from 25 to 50 Unear feet 
per minute, depending upon the material, the width of face 
of wheel used, and the depth of cut taken. Usually, the cross- 
feed is equal to J or f the width of the grinding wheel-face, but 
this lateral feed is varied according to the finish required. When 
the piece is to be finished in one cut, with a wheel about J inch 
wide, and a fairly smooth surface is required, a feed of from 
j^ inch to J inch per traverse is generally used. The depth of 
cut varies from 0.0005 ^^ 0.003 hich. 

When using machines which operate on the principle shown 
at B, Fig. I, if the work is less than 10 inches in width, the wheel 
is not fed laterally but the work is traversed back and forth 
under the wheel, the complete surface being finished in one 
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cut. On a machine of this kind, the table traverse varies from 
25 to 50 linear feet per minute and the depth of cut from 0.0005 
to 0.003 inch per traverse. 

On surface grinding machines of the type indicated by diagram 
C, Fig. I, the table is traversed at a rate of from 25 to 50 linear 
feet per minute and the cut varies in depth from o.ooi to 0.005 
inch per traverse. When this t3T)e of machine is used for large 
castings, natiu'ally, a heavier cut is taken than when the work 
is of a finer and more acciurate nature. 

Where the grinding is done on a machine of the t3T)e illus- 
trated at Z) in Fig. i, the table is traversed, and, usually, the 
ring or cylinder wheel used covers the entire width of the surface 
being ground. When this is the case, the two points to consider 
are the table traverse and the down feed of the wheel. The 
table traverse varies from 15 to 50 linear feet per minute and 
the down feed from 0.0005 to 0.002 inch per traverse. 

On surface grinding machines of the type indicated at E, 
Fig. I, where the work and wheel both rotate but are not trav- 
ersed, generally, the down feed of the wheelhead varies from 
O.OOI to 0.002 inch per revolution of the work-table; the table 
speeds vary greatly, depending upon the type of machine and 
the nature of the work. The grinding wheels used on machines 
of this design are not adapted to deep cuts, and more stock 
can be removed, with less wheel wear, by means of light cuts 
and comparatively fast speeds than by heavy cuts and slow 
speeds. The cut, however, should be deep enough to keep the 
wheel cutting freely and feeds as fine as 0.0002 to 0.0004 ii^ch 
should be avoided, as, on most work, they tend to make the 
wheel glaze. 

In determining the correct table speeds and depth of cut to 
use on the Blanchard vertical surface grinder, a down feed of 
about O.OOI inch should be used to start with. If the wheel 
glazes, rough the face with a carborundum block held in the 
hand, and try the wheel again, using the next lower table speed 
with slightly increased down feed. If the wheel appears to be 
too soft and wears away too rapidly, increase the table speed 
and decrease the down feed. Obviously, a down feed of 0.002 
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inch with a table speed of 6^ revolutions per minute ronoves 
the same amount of stock per minute as a down feed of 0.001 
inch with a table speed of 13 revolutions per minute. Varying 
the speed and feed to improve the cutting action of the wheel 
need not, therefore, change the rate of cutting. It should be 
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clearly understood, however, that, in order to obtain satisfac- 
tory results, the wheel must be suited to the work. 

Surface Grinder of Reciprocating Tjrpe. — Fig. 6 shows a 
plain surface grinder of medium size which operates on the 
principle illustrated by diagram A, Fig. i. The part to be 
ground is attached to table A and the grinding is done by 
wheel G which can be adjusted to the proper height by handwheel 
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B. The stroke of the table is controlled by the position of 
dogs D and Di which operate the reverse lever C. As the 
table reciprocates, the wheel, with the column which supports it, 
feeds laterally at each end of the stroke. The movement of 
the table and the lateral feeding movement of the wheel are 
automatic when grinding but they can be effected by hand for 
making adjustments. Crank E is for traversing the table and 
wheel F operates the hand cross feed. The belt, which drives 
the grinding wheel, connects with pulley H, and the latter is 
driven by belt / from an overhead shaft. The reciprocating 
movement of the work-table is derived from the belts / and K. 
The lever C not only reverses the table but also operates the 
mechanism for feeding the grinding wheel laterally. The travers- 
ing motion of the work-table can be stopped automatically, 
when the wheel has fed across the part being ground, by means 
of a trip mechanism. 

Some surface grinders which grind with the periphery of the 
wheel, like the machine illustrated in Fig. 6, are designed along 
the lines of an ordinary planer; in fact, the construction is 
almost identical except that a grinding wheel is moimted on 
the cross-rail instead of a tool-head. When this type of machine 
is in operation, the work-table reciprocates and the wheel feeds 
laterally across the surface to be ground. 

Open-side Surface Grinding Machine. — Experience has 
shown, that, in the operation of grinding wheels, the smaller 
the arc which is in contact with the work, the more efficient 
the operation of the wheel becomes, and, as a result, it is advisable 
to use wheels of small diameter, especially when grinding plane 
surfaces, as the arc of contact, in such cases, is much greater 
than when roimd work is being ground. With a large arc of 
contact, the opportunity for the chips to escape is reduced. 
This results in heating, undue power consmnption, and general 
inefficiency. When, for any reason, the chips cannot escape 
freely, a satisfactorily finished surface cannot be produced. 

The Norton open-side grinding machine illustrated in Fig. 7 
is a reciprocating type and is designed for grinding plane surfaces. 
In order to obtain the most satisfactory results, the periphery 



192 SCRFACE GRINDING 

of the smallest wheel that is practical for the work in hand 
is used. The machine is intended to cany wheels 14 inches 
in diameter, and, for the usual class of work handled, the wheel 
should have a 6-inch face. For special work, wheels of different 
widths can be used. This machine operates on the principle 
illustrated by diagram B, Fig. i. The wheelhead can be raised, 
so that the distance between the surface of the table and a 14- 
inch wheel is 17 inches; this provides for the use of a magnetic 
chuck or supplementary table, when necessary. 
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The countershaft is located in the machine base, so that the 
machine is self-contained. Power is transmitted to this counter- 
shaft by a belt running from the motor which is placed at the 
side of the machine. The grinding wheel is carried on a cross- 
slide operating at right angles to the travel of the table, and, in 
order to secure the high rate of production that is made possible 
by the wide wheels used on this machine, no automatic feed of 
the wheel has been provided. A hand traverse has been de- 
signed for locating the grinding wheel, in order to utilize the 
full width of the wheel-face. Provision is also made for a 
slower traverse of the wheel when truing its face, this traverse 
being obtained through worm-gearing. The cross-slide is 
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carried on a vertical-slide which is raised and lowered on the 
column by means of a small motor. For $hort distances, the 
vertical traverse is obtained by means of a handwheel on a 
shaft geared to the vertical traverse screw. 

Horizontal Face Grinding Machine. — A face grinding ma- 
chine is illustrated in Fig, 8, This type operates by traversing 
the work past the face of ring wheel G, as previously explained 
in connection with diagram C, Fig. i. The part being ground 
is clamped to table A which has an automatic reciprocating 
movement The length of the stroke is regulated by dogs 
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(not in place) which engage reverse lever C. The wheel has an 
adjustable automatic power feed and both the wheel and work- 
table can be moved by hand. This particular machine is driven 
by a motor D which is connected to the wheel-spindle by a belt. 
The face grinder has some advantages over the type of machine 
using a wheel that grinds on the periphery. In fact, the ad- 
vantages are similar to those which a face milling cutter has over 
an axial milling cutter. In the first place, the power consump- 
tion is less and plane surfaces are produced with fewer passes 
of the grinding wheel. The radius of a cup-wheel also remains 
the same until it is worn out, instead of changing constantly, as 
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with a disk wheel. The type of face grinder shown in Fig. 8 
is generally used for grinding quite heavy parts and it is espe- 
cially adapted to that class of work which can be held to better 
advantage when the surface to be finished is in a vertical plane. 
For example^ the ends of rather long castings, such as machine 
legs, etc., can easily be ground on this style of grinder, because 
the work can be clamped to the table of the machine in a hori- 
zontal position. Evidently, it would be impracticable to grind 
work of this class on a machine having a vertical spindle, because 
the castings would have to be held in an upright position. The 
horizontal face grinder is used in locomotive shops for truing 
or finishing the bearing surfaces of guide-bars and can be em- 
ployed to advantage for many other grinding operations. 

Rotary Vertical-spindle Surface Grinder. — The t3T)e of 
surface grinder shown in Fig. 9 is designed for rotary grinding, 
the principle of its operation being indicated by diagram £, 
Fig. I. A cup-wheel G is carried by an upper slide B and the 
work is held on a rotary magnetic chuck C mounted on lower 
slide D, The wheel-spindle is driven from a horizontal shaft 
at the rear by a quarter-turn belt, as shown, whereas the work- 
table is driven from drum pulley E, When the machine is in 
operation, the wheel is fed down against the work, until the 
latter is finished to the required thickness, by operating hand 
lever F, The wheel slide is fed against a positive stop and the 
thickness of the work is varied by adjusting the lower slide 
which is equipped with a vertical feed-screw. This screw is op- 
erated by handwheel H which is graduated to thousandths of an 
inch. When the lower slide has been set, its position is not changed 
for successive operations, except to compensate for wheel wear. 

This machine can be used for concave grinding, in which case, 
the knee supporting the work-table is tilted to the required 
angle. Work having a concave surface is not held directly 
against the magnetic chuck but on an auxiliary plate. The 
magnetic power of the main chuck is transmitted through this 
auxiliary plate, the upper surface of which is shaped to suit 
the surface of the work. The use of an auxiliary plate in con- 
nection with the grinding of a milling saw is illustrated in Fig. 10. 
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After the saw is ground concave on one side, it is held for 
grinding the opposite side on a plate A having a convex face. 
If the saw were held for grinding the last side against the flat 
face of the regular chuck, it would be sprung down in the middle 
so that both sides would not be finished alike or to the same 
concavity. Fig. 1 1 shows how a number of parts can be ground 
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simultaneously on a rotary surface grinder. In this instance, 
three castings are arranged in a group on the magnetic chuck 
in such a way that they support each other, to some extent, 
while the top surfaces are being ground flat. These views in- 
dicate, in a general way, the kind of work that is ground on a 
machine of this type. 
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Rotazy Disk and Suiface Grinder. — The type of surface 
grinder shown in Fig. 12 is especially adapted for grinding 
disk-shaped parts or the sides of piston rings. As will be seen, 
the disk form of grinding wheel is used; this wheel is mounted 
on the end of a horizontal spindle which is carried in a ram 
or slide A that feeds the wheel across the woik. The work- 
table £ is of the rotary type and is equipped with a magnetic 
diuck. When a surface is being ground, the wheel feeds hori- 



zontally, and, by means of an accelerating mechanism, the 
speed of the work is automatically increased as the wheel ap- 
proaches the center and the lateral feed of the wheel remains 
constant per revolution of the work Inversely, when the 
wheel recedes from the center, the speed and feed is automati- 
cally retarded. The horizontal feed of the wheel is at the rate 
of -^ inch per revolution of the work. If the machine were 
not equipped with this accelerating mechanism as the wheel 
approached the center of the work, the wheel would follow a 
spiral path of unumform pitch; consequently, the efficiency of 
the grinding operation would be reduced and the wheel, having 
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less work to do near the center of the disk, would tend to cut 
deeper, thus producing a slightly concave surface. 

The work-table may be adjusted vertically by handwheel C 
and has an automatic feed which can be operated at both ends 
of the stroke of the ram. This automatic feed is derived from 
dogs on the ram which transmit motion to the vertical feed- 
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screw through the ratchet-and-pawl mechanism on the opposite 
side of the machine. The belt pulley on the grinding-wheel 
spindle is in the form of a drum of suffideat length to provide 
for the full stroke of the ram. This drum is driven from the 
main shaft located in the base of the machine. The point of 
reversal iat the ram is controlled by adjusting -theTidogs D and 
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E. A scale is provided indicating "hole diameters" and "disk 
diameters," so that one dog may be set to reverse the ram when 
the wheel reaches a hole at the center of a disk, while the other 
dog is set to reverse the ram when the wheel has reached the 
outer edge or periphery of the work. The knee carrying the 
work-table is pivoted to the vertical-slide, so that it can be 
tilted for grinding concave or convex surfaces. The machine 
has a pump for supplying cooling water to the wheel through 
the pipe shown in the illustration. 

Vertical Surface Grinders. — Fig. 13 shows a surface grinder 
of the vertical type. The grindiQg is done by ring or cup-wheel 
G which covers the full width of the work. With this machine, 
the work can be given either a reciprocating or rotary motion, 
dependiQg upon the shape of the part being groimd. For 
grinding rectangular surfaces, or parts that should move in a 
straight line beneath the wheel, the table A is given a recipro- 
cating movement, the length of which is controlled by dogs 
in the usual manner. On the other hand, the sides of saws, 
rings, or flat disk-shaped parts are rotated while being ground 
by placing them on a rotary chuck which is mounted on the 
grinder table, the table remaining stationary. 

When the rotary chuck is not in use, this machine operates 
as illustrated by diagram J9, Fig. i. The grinding wheel and 
its spindle is carried by a head B which can be fed vertically 
on the face of the column. The vertical feed can be operated 
automatically or by hand and disengaged automatically at any 
pre-determined point. The reciprocating table can be moved by 
hand, if desired. This grinder is equipped with a pump for 
supplying cooling water to the wheel. The water is pumped 
into the hollow spindle, at the top, and passes down to the inside 
of the grinding wheel, after which it is driven outward by cen- 
trifugal force between the wheel and the work. An outside 
stream of cooling water is also provided and the table is sur- 
rounded by a water guard C which prevents the water from 
flying about. 

The vertical type of grinder can be used advantageously for 
grinding long rectangular surfaces, disk-shaped parts (by using 
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the circular attachment), and it is very efficient for grinding a 
number of small castings ^multaneously. When several parts 
are to be ground at the same time, they are grouped on the 
table of the machine or on a magnetic chuck, so that the wheel 
-will grind each casting as the table feeds along. It is compara* 
lively easy to hold several small castings on a grinder of this 
type, because they are placed horizontally on the machine, 
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and, as the wheel operates on the top surfaces, the pressure of 
grinding is mostly downward against the table and bed, which 
provide a solid unyielding support. This type of machine is 
used extensively for grinding from the rough; that is, castings 
or forgings are finished by grinding without any preliminary 
I operation, such as planing or millin g. This practice 
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is followed when it is not necessary to remove very much 
metal. 

This machine, for certain classes of work, is equipped either 
with duplex or quadruples rotary magnetic chucks, the latter 
type being illustrated in Fig. 14. A double chuck, like the single 
design, may be tilted for grinding concave or convex surfaces, 
whereas the quadniplex chuck is only used for plane or flat 
surfaces. Both the rectai^iiilar and rotary magnetic chucks are 
waterproof. The single rotary chuck is made either plain <xc 
magnetic. 



Fig. 14. Qoadraplex RoUry HasiMtlc Chnck 
Another vertical surface grinding machine that operates on 
the principle shown by diagram E, Fig. i, is illustrated in Fig. 
15. This is a Blanchard machine and is motor-driven. The 
wheel-spindle is driven by a motor of the altemaUng-current 
type. The gear-box at A, through which table B is rotated, 
provides for eight changes of speed, varying from 5 to 44 revo- 
lutions per minute. The chuck is usually started and stopped 
by means of a hand lever on the gear-box. The foot treadle C 
is used for moving the chuck through part of a revolution when 
placing the work in position for grinding. The table is brought 
into portion under the wheel, after the work has been located 
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in the chuck, by operating turnstile D. The correct working 
positioa for the table is shown in Fig. i6. 

The vertical feed for the wheelhead can be effected either 
by hand or power and is varied by adjustii^ the feed variator E, 
Feed-wheel F is graduated in such a manner that a movement 
of \ inch on the circumference of the wheel means a down feed 
of O.OOI inch. Down feeds of the wheelhead can be varied 
from O.0003 inch to 0.005 ioch per revolution of the wrak-table 
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by increments of 0.0003 inch. The down feed is also provided 
with an automatic stop which can be set to stop the feeding 
movement as soon as the desired t>iirlrn(>as on the work is ob< 
tained. The cooling water is supplied by a centrifugal pump. 

Mounting Wheels on Blandiard Suiface Grinder. — The 
grinding wheels used on the Blanchard motor-driven vertical 
surface grinders are 18 inches in diameter, 5 laches deep, and 
with rims varying from i to 1} inch thick, depending on the 
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work to be ground. Of the $ inches total depth, 3^| inches 
can be used. As shown in Fig. 17, the grinding wheel A is 
cemented into a cast-iron retaining ring B, which, in turn, is 
held to a flange on the lower end of the vertical spindle. There 
are several methods of mounting wheels of this type. One 
is to mix equal parts of Portland cement and sand with water 
to the consistency of a thin paste; then wet the wheel thoroughly 
all over and spread a thin layer of the cement paste on the end 
that is to go next to the chuck. The next step is to remove 
all dirt and grease from the inner surfaces of the retaining ring 
and place the wheel centrally in the ring. Next fill the space 
between the wheel and the iron ring with the cement paste, 




using a thin piece of metal to ram it in. All surplus cement 
should be removed from the outside of the ring, and then the 
wheel should be covered with wet cloths and placed in a covered 
box or barrel. The wetting of the wheel before cementing and 
keepii^ it damp while the cement sets are very importanL 
Wheels should be allowed to set two days, or more, varying with 
the brand of cement used. If the inside of the ring wheel has not 
already been "waxed," it should be covered with paraffine wax 
painted on hot, to prevent any trouble from the water spraying. 
Another method of cementing in cylinder or ring wheels, 
which is much quicker than the one just described, is to use 
melted sulphur. The wheel and ring are cleaned, as before, 



MOUNTING AND TRUING WHEELS 203 

then the sulphur is melted and poured into the space between 
the wheel and ring. The sulphur hardens as it coob and the 
wheel may be used within a short time after the sulphur has 
been poured in. 

Truing Wheels on Vertical Machine. — For truing the wheel 
used on the Blanchard vertical surface grinder, a stick, of special 
carborundum, mounted in a cast-iron holder, is used. This 
is appUed to the wheel by placing the holder on the magnetic 
table and sliding the table in and out, thus traversing the car- 
borundum stick across the face of the wheel. 




A new wheel should be trued before using, but after this 
first truing has been done, the wheel should not be touched 
until it glazes. As soon as glazing occurs, the wheel-face should 
be roughed up with a piece of carborundum held in the band. 
A wheel that requires this treatment too often is too hard or 
too line for the work and should be changed. The right wheel 
for the job will run until worn out without dressing. It should 
also be remembered, that, in a vertical surface grinder of this 
type, the wheel-face does not need to be kept flat, in order to 
secure flat work. 

Relation of Table to Grinding Wheel. — For loading the mag- 
netic table or chuck on a Blanchard vertical surface grinder, the 
table is moved out from under the grinding wheel, as shown 
by the dotted line A In Fig. i6. The work is then placed on 
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the magnetic chuck, after which the table is moved In until the 
outer rim of the wheel coincides with the central axis of the 
work-table, as shown at B. The table and work are then ro- 
tated in the directions indicated by the arrows. 

For straight plain surface grinding, the spindle should be 
set absolutely square with the chuck face, so that the wheel 
touches the work on both sides; when the wheel is properly set, 
parts can be ground within limits of 0.0003 i°ch without diffi- 
culty. There are some classes of work, however, for which 
it is necessary to set the wheel-spindle at an angle to the face 
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of the work-table, as when grinding the concave sides of cir- 
cular saws, etc. To make this adjustment, the rear column 
support C, Fig. 16, is provided with a graduated washer. To 
set the head for concave work, the three column support bolts 
C, D, and E should be loosened, but the two front washers 
should not be disturbed. The setting of the rear washer should 
be noted before changing; then turn this washer to the right 
until the spindle is inclined the desired amount and tighten 
all the bolts firmly before starting the machine. A slight ad- 
justment of the rear support, or any other, may be made by 
simply loosening the bolt which is to be adjusted. 
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riON OF CIRCULAR FIXTURE 
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Work: — Pivot plate made from 0.30 per cent carbon, oold-rolled strip steel, caaehardened 
o^za inch deep. 

Operation: — Grinding both sides with Norton (vitrified) alundum wheel; grain 38-46, 
grade G; 6 inches in diameter, >i inch face; wheel speed, ^183 R.P.M. — 5000 feet surface 
speed; provided with eight diagonal notches around its periphery; amount removed from each 
side, 0.00x5 to oxoa inch. 



— Table b traversed bade and forth by hand and also in and out by hand; 48 
pieces held at one time on a Heald 6- by 8-inch flat magnetic chuck; pieces arraniped alon^; or 
parallel with magnetic poles instead of spanning them; four traverses to complete each side; 
3KO pieces turned out per each truing of wheel; pxxxluction, 1320 in 30.6 hours; machine used. 
No. a Brown & Sharpe surface grinding macmne. 

B 

Work: — Bushing for steering spindle, o.rs per cent carbon open-heaxth steel, carbonised 
and hardened. 

Opesation: — Surface grinding lar^ end with a Norton (vitrified) alundum wheel; grain 2.1, 
grade L; 14 inches in diameter, xH inch face; speed, 1400 R.P.M. — 5x26 feet surface speed; 
table speed, xoo R.P.M.; head travel or traverse speed, 43.5 linear inches per minute; amount 
removed, 0^007 to 0.0x0 inch. 

Renuuka : — Wheel is traversed back and forth across work, which is held in a spedal ring 
fixture carrying 28 bushings; production, 4000 in nine hours; machine used, H»ld rotary 
surface grinding machine. 



Fig. zp. (A^ Surface Grinding Operation on Steel Plates 0.050 Inch 
ThicL (B) Grinding Boshing nanges on Rotary Surface Grinder 

Measuring Work on Surface Grinding Machines. — The 

method of measuring work on surface grinding maciiines depends 
entirely on the type of machine. On machines having a wheel- 
head, which is lowered or elevated by means of an adjusting 
screw, the graduated index on the wheel is generally used as a 
guide for grinding the work to approximately the required 
thickness. The work is then removed from the chuck and 
measured, from time to time, xmtil the desired thickness has 
been obtained. After several pieces have been groxmd, it is 
possible to grind very close by means of the index wheel, as 
the only variation is due to the wear of the wheel. 

On the Blanchard vertical surface grinder, a device known as 
a "continuous reading caliper" is applied directly to the work, 
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and readings are taken continuously as the work-table rotates. 
This attachment consists of an arm A, as shown in Fig. iS, 
which is clamped to a vertical post and carries, in its front 
end, a spindle and other members that operate the needle of a 
dial B; this dial indicates the exact amount, iu thousandths 
of an inch, by which the work thickness varies from the finished 
size. The reading is secured through a hardened-steel button C 
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that rests on the work and is connected to the gage. To set 
the caliper, the button is placed in contact with a sizing block 
or finished piece that is on the table, and the dial of the gage 
head is revolved until the zero line coincides with the needle. 

Examples of Surface Grinding. — The examples of surface 
grinding, shown in the following illustrations, indicate, in a 
general way, the kind of work that is finished on surface grinding 
machines. 
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For grinding large machine parts, such as milling machine 
tables, etc., the type of surface grinding machine shown in 
Fig. 20 is sometimes used. This particular machine carries 
a disk wheel A which is driven from the overhead works by means 
of the pulley B from a drum pulley C. The grinding wheelhead 
is held on the rail D and can be moved back and forth by means 
of power or hand feed, the power feed being effected in practi- 
cally the same manner as on a planer. The rail swings on 
an arc, because the belt would be tightened and loosened if 
the rail were adjusted up and down in a vertical position. The 
point from which the rail swings is the axis of the drum pulley C. 
When grinding parts on a surface grinding machine of the 
planer type, the work is generally clamped direct to the table 
by means of bolts, as illustrated, or is held up against angle- 
plates, the method depending entirely upon the kind and shape 
of work to be ground. 
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For the operation shown in Fig. 20, a carborundum wheel 
of grain 36 and grade P or M is used; the wheel is 9 inches in 
diameter and is fed across the work at the rate of -^ inch per 
traverse. The work-table operates at a speed of 35 linear feet 
per minute and from 0.005 ^ 0.007 '^^'^ ^ removed by grinding. 

The grinding of certain rifle parts can be done satisfactorily 
on the vertical surface grinder because such a large number 
of pieces can be held at one time and special fixtures are not 
required for many of the parts. By the method illustrated 
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in Fig. 22, 103 rifle hammers are ground simultaneously. These 
hammers are held on a magnetic chuck by simply using two 
retaining rings, one inside the group of pieces and one outside. 
This brings lip a point regarding the vertical surface grinder 
that is worthy of attention. For a large number of parts, a 
surface grinder of this type requires few fixtures. Simple rings 
of sheet steel may be laid around the groups of pieces to be 
ground, and, even if the parts are of irregular shape, it is usually 
possible to make a very simple magnetic fixture. 

Referring to j4 in Fig. 21, it will be seen that the rifle hammer 
is made from a soft steel forging and is not hardened. The 
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Speed of the table is changed twice for finishing the surface. 
For roughing, a speed of 17 R.P.M. is used, whereas, for finishing, 
the rotative speed of the table is reduced to 5 R.P.M. This 
enables the same wheel to be used for both roughing and finish- 
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ing operations and gives the desired finish. The production, 
on this particular part, is at the rate of 300 pieces per hour. 

Fig, 23 shows how thirty-four levers for repeating rifles are 
held on the magnetic chuck at one time. No special fixtures 
are required, the pieces being simply located inside a retaining 
ring and held magnetically to the chuck. 
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Wortc: — Meat chopper disk, solt tted punching, not hardened. 

Operatioii: — Surface grinding both sides from the rou^h with an American (silicate) 
corundum wheel; grain 34, grade ti: 16 inches diameter, zH-mch rim; weed, xooo RJP.M. — 
4190 feet surface speed; table speed, roughing, 13 R.P.M., finishing, 5 R.P.M.; down feed of 
wheel, 0.00Z4 inch per revolution of work-table; amount removed from each side, about 
OdOoSinch. 

Remarks: — ^^6 of these parts are bdd at one time on Blanchard magnetic chvtck located 
between two retaining rings; |crinding time, 4 minutes, handling time, 4 minutes; limits, just 
dean up; production, 345 pieces per hour; marhine used, Blanchaxd high- 



gurface grinder. 



-power vertical 



B 



Woilc: — Bevel pinion, 0.010 to 0.030 per cent carbon, open-hearth steel, carbonised and 
hardened. 

Operation: — Surface grinding one end from the rough with an American (sOicate) corun- 
dum wheel; srain 30, grade i^4-W; z6 inches diameter, iH-inch rim; speed, 950 R.P.M. — 
3071 feet surface speed; table speed, 6 R.P.M.; down feed of wheel, 0.0005 inch per revolution 
« work-table; amount removed from end, o.ozo inch. 




Fig. 25. (A) Soft Steel Disks and (B) Bevel Pinions ground on Vertical 

Macnine 

When parts such as are shown in Figs. 22 and 23 have been 
ground on one side, the chuck is moved to the end of the machine, 
the magnetism turned off, and both the work and the chuck 
rings removed, leaving the chuck face dear of everything except 
the water and chips. Cleaning may then be done with a rubber- 
edge scraper or squeegee such as is used for cleaning windows. 
By depressing the treadle at the front of the Blanchard ma- 
chine, the operator can set the chuck in motion without leaving 
his position at the end of the machine, and, with the squeegee, 
can clean off the chuck face in a few seconds as it revolves. 
This cleaning is suf&cient for ordinary work, as the squeegee 
removes the water and chips; when grinding very accurate 
work, a light rub with a cloth will give a dry, clean surface. 

An interesting application of the vertical surface grinder to 
the grinding of bevel pinions is shown in Fig. 24. The part 
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Woik: — x6-inch (Higley type) metal-cutting saw, high-speed steel, hardened. 

Opecatloii: — Surface grinding both ddes from the rough with a Norton (silicate) alundum 
wheel; nain 38-34, grade H; 16 inches diameter, iM-inch rim; speed, xooo R.P.M. — 4x90 
feet surface speed; table speed, roughing, 8^i R.P.M., finishing, sH R.P.M.; down feed of 
wheel, 0.00x6 mch per revolution of table; amount removed from ach side, 0.0x5 inch; four 
<^)erations — two for flat and two for concave grinding. 

Remarks: — One of these ports held at one tune on Blanchard magnetic chuck; grbding 
time. 8 minutesj handling time, 3 minutes; limits, plus or minus 0.002 inch; production, 6 
per hour; marhme used, Blanchard high-power vertical surface grinder. 



Fig. a6. Grinding Sides of Metal Cutting Saw 

to be ground, as shown at B in Fig. 25, is the front face, which 
measures about i^ inch in diameter. The fixture used con- 
sists of a ring A (Fig. 28) in which forty-four steel pins B are 
inserted. The upper ends of these steel pins are turned to 
fit the holes in the pinions, and the latter rest on top of ring A. 
The magnetic force holds the pinions down against the top 
surface of ring A, and, at the same time, prevents them from 
turning on the pins B. In this way, the pieces are held very 
effectively and the grinding can be done rapidly. 

The cutting-off saw shown in Fig. 26 is an example of work 
for which the surface grinder of the rotary type is particularly 
adapted. This saw is groimd all over, and, in addition, is 
made concave nearly to the center hole, to provide clearance. 
The flat surface of the saw is ground first on both sides; then 
the machine is adjusted so as to set the spindle off the desired 
angle to give the required concavity. 



CHAPTER VI 
GRINDING WHEEL ABRASIVES AND BONDING PROCESSES 

The modem grinding wheel, when properly selected for the 
work upon which it is used, is very efficient, especially for the fin- 
ishing of accurate work. The developments made in the manu- 
facture of grinding wheels within the past few years have 
greatly assisted in placing the grinding machine in a class with 
other highly productive tools and have made possible great de- 
creases in manufacturing costs. A grinding wheel may be 
compared to a milling cutter having an infinitely greater num- 
ber of teeth or cutting points. For instance, on an average 
wheel 24 inches in diameter and 4 inches wide, approximately, 
1,086,171,000 cutting points come into contact with the work 
each minute. The teeth or points that do the cutting are 
called "grains," whereas, the material used for holding the 
grains in the form of a wheel is called the "bond." 

Grade of a Grinding Wheel. — The term " grade " as ap- 
plied to a grinding wheel, refers to the tenacity with which 
,the bond holds the cutting points or abrasive grains in place 
and does not refer to the hardness of the abrasive. A wheel 
from which the abrasive grains can easily be dislodged is called 
"soft" or of soft grade, whereas, one which holds the grains 
more securely is called a "hard wheel." By varying the amount 
and composition of the bond, wheels of different grades are 
obtained. Also the hardness of the wheel is, to a certain ex- 
tent, governed by the size of the grains; for instance, if two 
wheels have the same bond, the one composed of the finer 
grains of abrasive is the harder. In other words, a 120-grain 
wheel would be harder than a 24-grain wheel of the same bond. 
The combination of different size grains also has a certain effect 
on the hardness of the wheel. 

Grinding Wheel Grade Marks. — The grade of a grinding 
wheel is designated either by letters of the alphabet or numbers, 
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or a combination of both, as will be seen by referring to the 
accompanying tables. According to the system employed by 
some manufacturers, the letter M represents a mediiun grade, 
and the successive order of letters or numbers preceding and 
following Id denote softer or harder wheels. A standard system 
of grading has not been adopted by the various manufacturers. 
The tables referred to give lists of grading letters and numbers 
used by the prindpaJ grinding wheel manufacturers, and, in 
this connection, it should be clearly understood that these 
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should not be used oa a comparative basis. In the first place, 
the present method of grading wheels is not a mechanical test 
but is done by hand, as shown in the accompanying illustration, 
and requires considerable skill and experience. The tool used 
has a ball-shaped handle and a blade which is beveled on the 
end like a cold chisel. When making the test, the beveled 
end of this tool is simply pressed into the side of the wheel and 
is then turned or twisted. The resistance to this twisting 
action indicates, to the experienced man, the grade of the wheel. 
The necessary delicate sense of touch is soon lost even by an 
er^t who discontinues the work for a short time. 
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Grading Systems used by Oiinding Wheel Manufacturers to Indicate 
Hardness of Bond in Grinding Wheels * — z 
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* The grades listed by various raanufiacturers should not be used on a comparative basis, be- 
cause the terms " soft." " medium." " hard." etc., and the corresponding grade letters or num- 
bers do not always indicate the same degree of hardness. 
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Grading Systems used by Grinding Wheel Manufacturers to Indicate 
Hardness of Bond in Grinding Wheels* — 2 



Grade 



Grinding Wheel Manufacturers 
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* The grades listed by variotia manufacturers should not 
cause the terms " soft," " medium," " hard," etc.. and the 
bers do not always indicate the same degree of hardness. 
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Considering the method used in testing and the human ele- 
ment which enters into it, it is not surprising to find that the 
grade letters or niunbers adopted by different manufacturers can- 
not be used interchangeably. Careful comparison of the grades 
of the Norton Co. and the American Emery Wheel Works has 
shown that a grade 'X" American wheel closely agrees with a 
Norton "L" wheel as regards hardness, but, the Norton grade 
'^ L " is listed as fourth in meditun soft, whereas the American 'X " 
wheel is graded as third in the ''soft" list (see tables). 

Grain of a Grinding Wheel. — The grain or coarseness of a 
wheel is designated by numbers which indicate the ntunber of 
meshes to the linear inch through which the kernels of abrasive 
will pass. For instance, a 36 grain means that the abrasive 
will pass through a sieve having 36 meshes to the linear inch. 
The grains commonly used for plain cylindrical grinding vary 
from 24 to 60. There are twokinds of grains — straight and 
combination. In a ''straight-grain wheel," all the particles 
of abrasive used are of about the same size, whereas, in a com- 
bination grain wheel, the particles of abrasives used are of 
different sizes. The exact combination of grains in a wheel 
is not specified by the wheel manufactiurer. It requires con- 
siderable experimenting to determine the correct sizes and pro- 
portions of abrasive grains for a combination wheel, and some 
manufacturers use special ntunbers not representing the grain 
sizes, whereas others give numbers which indicate the size 
of the coarsest grains in the wheel. A correct combination of 
grains cuts fast and leaves a good finish on the work; moreover, 
a combination wheel will generally remain in a good cutting 
condition longer than a straight-grain wheel. 

Abrasives for Grinding Wheels. — The abrasives used in 
the manufacture of grinding wheels are both natural and arti- 
ficial. The chief natural abrasives are emery and corundum. 
Those artificially produced are adamite, alundum, aloxite, 
boro-carbone, carborundum, carbolite, oystolon, etc. Of the 
natural abrasives, corundum is the most widely used; it con- 
tains a much larger percentage of crystalline alumina than emery, 
this being the element in both abrasives that does the cutting. 



ABRASIVES 217 

Emery is very tough, but contains iron and other non-cutting 
elements, and is little used in wheels used on automatic grind- 
ing machines. With the exception of corundum, the greater 
percentage of abrasives used in grinding wheels are produced 
artificially in the electric furnace from bauxite and carbide of 
silicon. A number of the natural and artificial abrasives, desig- 
nated by various trade names, together with their chief con- 
stituents and methods of manufactiure will be given. 

Adamite, — An artificial abrasive produced in Austria and 
used by the Detroit Grinding Wheel Co. The chief constitu- 
ent is aluminum oxide which is mixed with certain ingredients 
to remove the impurities and is fused at a high temperature 
in the electric fiunace. This abrasive is used in wheels for 
grinding materials of high tensile strength, such as soft and 
hardened steel, etc. 

Alundum. — An artificial abrasive used by the Norton Co. 
It is made by fusing the mineral bauxite in the intense heat of 
the electric arc furnace. Bauxite is a soft earth resembling 
light yellow clay, and, chemically, is the purest form of alu- 
minum oxide found in nature. The mineral bauxite derives 
its name from the ruined dty and castle of Les Baux, in the 
southern part of France, where it was originally discovered. 
Large quantities of this mineral are now mined in Georgia, Ala- 
bama, and Arkansas. It is found in pockets and is mined in 
open cuts, then carefully washed, dried, and shipped to the 
plant where it is purified, and, subsequently, fused in the electric 
furnace. Altmdum is used in wheels for grinding materials of 
high tensile strength. A special temper or "white alundum" 
is used by the Norton Co. in the manufacture of wheels for form 
grinding and similar operations. This is designated as No. 38 
to distinguish it from the regular alundum. 

AlowaU. — A trade name given to an abrasive used by the 
Waltham Emery Wheel Co. It is the product of the electric 
furnace and is made from alimunum oxide in practically the same 
manner as aloxite. 

Aloxite. — An artificial abrasive manufactured by the Carbo- 
nmdtun Co. It is made from crystalline aluminum oxide and is 
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produced by fusing the mineral bauxite in the electric arc fur- 
nace. Bauxite is received from the mine in small lumps, and, 
after crushing, is calcined in rotary kilns to remove the moisture 
and volatile matter. It is then mixed with a certain percentage 
of coke, after which it is placed in the electric furnace. The 
furnace consists of a crucible-shaped steel receptacle which is 
lined with carbon and is movably mounted. The top is open 
and two vertical carbon electrodes extend down into the charge 
which is fused by the arc formed between the electrodes. The 
charge of bauxite is fed into the furnace from time to time 
imtil an ingot has been formed weighing several tons. The 
current is then shut off and the mass allowed to cool slowly. 
The ingot is then removed, crushed, and graded. Aloxite is 
used for grinding materials of high tensile strength. 

Boro-carbone, — The trade name for an abrasive used by 
the Abrasive Material Co. It is a product of the electric arc 
furnace, and is oxide of aluminum in crystalline formation pro- 
duced by fusing bauxite at a temperature of about 3800 de- 
grees F. The temper of boro-carbone is varied according to 
the kind of work on which it is to be used, and its physical 
formation is such that it presents sharp cutting points when 
fractured. It is used for grinding all classes of materials of 
high tensile strength. 

Carbide of Silicon. — The name given an abrasive by the 
Abrasive Material Co. It is used in the manufacture of grinding 
wheels for materials of low tensile strength, such as cast iron, 
brass, etc. The chief constituents of this abrasive are coke 
and sand. The coke supplies the carbon, and the sand, the 
silicon. These two substances are volatilized in the electric 
furnace. 

Carbo-alumina, — The name of an artificial abrasive used by 
the Detroit Grinding Wheel Co. in the manufacture of wheels 
for grinding materials of high tensile strength. It is produced 
from the mineral bauxite in a somewhat similar manner to 
alundum. 

Carbolite. — The trade name of an abrasive used by the 
American Emery Wheel Works in the manufacture of wheels 
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for grinding materials of relatively low tensile strength, such 
as cast iron, brass, aluminum, etc. Carbolite is another name 
for carbide of silicon in the crystalline form and is made from 
coke and sand which is volatilized in the electric furnace. 

Carbolon, — Manufactured by the Exolon Co. and used 
by the Vitrified Wheel Co. in making wheels for grinding ma- 
terials of low tensile strength. Pure silicon carbide is a hard 
crystalline material in which the individual crystals are ar- 
ranged in comparatively thin transparent layers of a greenish 
hue. Commercially, silicon carbide may be of a greenish hue, 
black, or highly colored. The black variety frequently has 
extremely thin layers of impurities, such as metallic silicon, 
metallic iron, etc., deposited between the crystalline layers. 
Carbolon is produced from coke and sand in the electric furnace 
in a manner similar to carbolite. It has been found that an 
accurate control of temperature in the reaction zone of the fiu:- 
nace is of the utmost importance, and, also, that the slightest 
variation in the mixture of raw materials produces a marked 
effect on the nature of the resultant crystalline mass. 

Carborundum. — An artificial abrasive manufactured by the 
Carborundum Co. It is a chemical combination of carbon 
and silicon. The principal materials used in the manufacture 
of carborundum are coke and sand. The coke is used to supply 
the carbon, and the sand, the silicon. These two substances 
are raised to a temperature of about 7000 degrees F. All the 
impurities and other substances in the coke and sand, other than 
carbon and silicon, are driven off in gaseous form, and these two 
elements unite, forming the abrasive known as carborundum. 

Carbowalt. — The name of an abrasive used by the Waltham 
Emery Wheel Co. It is manufactured from coke and sand in a 
somewhat similar manner to carborundum. 

Corex. — An abrasive used by the Safety Emery Wheel Co. 
in the manufacture of wheels for grinding cast iron, unannealed 
malleable iron, brass, bronze, etc. It is produced from coke 
and sand in the electric furnace. 

Corawalt. — A special temper corundum abrasive used in 
manufacture of grinding wheels by the Waltham Emery Wheel 
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Co. It is especially useful for the grinding of hardened low 
or high carbon steel. It is produced in the electric furnace 
in a manner similar to alundum. 

Corundum. — This is the purest of natural abrasives and is 
a mineral composed of native alumina, which is noted for its 
hardness. This mineral was first found in India, in the eight- 
eenth century, and derives its name from a native Indian name, 
Kurundam. The finely colored transparent varieties of this 
abrasive include such gem stones as ruby and sapphire, while 
the impure granular and massive forms are known as emery. 
Next to the diamond, corundum is the hardest known mineral. 
Large deposits of this mineral are found in Georgia, North 
Carolina, and also in Ontario, Canada. Corundimi is produced 
artificially, although it is artificial only in the sense that it is 
crystallized by means of the electric arc furnace instead of by 
nature. Chemically, natural and artificial corundum are alike, 
both being composed of aluminum oxide in the crystalline 
form. A special grade of artificial corundum made by the 
American Emery Wheel Works, is known as No. 58, to disr 
tinguish it from the natural corundtun. Artificial conmdum 
was first made by Moissan, in Paris, in the electric furnace. 
The original process was improved by Werlem and patented 
in France. By these improvements, the impurities in the 
natural alumina were removed in the crystallizing process, 
so that practically pure crystalline alumina was the result. 
Wheels made from artificial corundum are designated by some 
-number to distinguish them from wheels made from natiural 
corundum. For instance, for the grinding of certain materials, 
such as steel, etc., if a 58-30 wheel were tested, the No. 58 re- 
fers to the artificial corundum. 

Crystolon. — An artificial abrasive produced by the Norton 
Co., the chief constituents of which are carbon and siUcon. 
Crystolon is made from coke, sand, sawdust, and salt. Coke 
is used to furnish the carbon element; the silicon comes from a 
pure silica sand which is secured in Illinois. Crystolon is a 
very hard, brittle abrasive and ranks next to the diamond 
in hardness. The elements, previously mentioned, are fused 
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in an electric furnace at a temperature varying between 3500 and 
4500 degrees F., the sand and coke combining to form carbide 
of silicon. This abrasive is used in the manufacture of wheels 
for grinding cast iron, brass, bronze, etc. 

Emery. — In the early days of the grinding industry, prac- 
tically all grinding wheels were made of emery, but other ma- 
terials possessing superior cutting qualities are now largely 
employed in the grinding of metals, as well as for many other 
purposes. Emery, however, is a very tough abrasive and is 
imexcelled for some grinding operations. For example, it is 
effective when a very fine finish is required or for making very 
hard, fine wheels, such as are required for ball grinding. Emery 
is obtained from Naxos (an island in the JEgeam Sea); from 
the vicinity of Smyrna, in Turkey; and from Chester, Mas- 
sachusetts. The value of emery as an abrasive depends upon 
the percentage of crystalline aluminum oxide which it contains, 
as this is the only element in emery that is hard enough to cut 
metals effectively. While emery is a tough abrasive, it con- 
tains quite a large percentage of non-cutting elements com- 
posed of amorphous alimuna, silica, iron oxide, and other 
metallic oxides, and is used comparatively little in machine 
grinding. Analyses of emery obtained from the different locali- 
ties mentioned in the foregoing showed the following percentages 
of crystalline alumina: Naxos emery, 63 per cent; Turkish 
emery, 57 per cent; Chester emery, 55 per cent. 

Oxaluma. — The trade name for an aluminum oxide abrasive 
used by the Cortland Corundum Wheel Co. in wheels for grind- 
ing materials of high tensile strength, such as soft or hardened 
steel, etc. 

Rex. — The trade name for an aluminum oxide abrasive used 
by the Safety Emery Wheel Co. in wheels for grinding either 
soft or hardened steel. This abrasive is the product of the 
electric furnace, the process of manufactiure being similar to 
that of alundum. 

Bonding Processes. — By the use of different abrasives, 
grinding wheels can be produced which are adapted to many 
different purposes. The important properties of an abrasive 
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are hardness, toughness, absence of impurities, uniformity, and 
fracture or sharpness. Inasmuch as these qualities vary, to 
some extent, in different abrasives, grinding wheels may be 
produced which possess varying characteristics, and, therefore, 
are effective in grinding not only metals of different composition 
but various other materials. The nature or characteristics 
of a grinding wheel can also be changed by using different bonds, 
the bond being the substance which holds the abrasive grains 
together in the form of a wheel. The three most important 
bonding processes are known as the vitrified, silicate, and elastic 
processes, and these names are applied to the wheels. For 
instance, a wheel made by the vitrified process is conmaonly 
referred to as a vitrified wheel, etc. Among other processes, 
which are occasionally employed, may be mentioned the vul- 
canite process, the celluloid process, and the oil process. 

The first abrasive wheels known were natural stones, but 
the uses of these were greatly limited because they did not 
possess the required physical properties for the efficient cutting 
of metals. Subsequently, artificial abrasive wheels for grinding 
metals were bonded with hydraulic cement, which did not prove 
very satisfactory. Attempts were then made to use organic 
substances which melt when heated and become hard when cold. 
The shellac-, resin-, sulphur-, and rubber-bonded wheels were 
then tried, and, of these, shellac and rubber were successful 
to a COTtain degree. The next advance was to use silicate 
of soda and the vitrified or fused clay processes. These two 
processes are largely used today, the vitrified being used chiefly 
in the manufacture of wheels for use on automatic grinding 
machines. 

Vitrified Process. — As vitrified grinding wheels are the 
most common, especially in connection with machine shop 
practice, the bonding of wheels by this process, as practiced at 
the plant of the Carborundum Co., will be described somewhat 
in detail. The bond of a vitrified wheel is composed of suitable 
clays and fluxes which are mixed with the proper abrasives. 
By varying the amount and composition of the bond, wheels of 
different grade are obtained. The base of all bonds for vitri- 
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fied wheels is felspar or a fusible clay to which is added a re- 
fractory clay to decrease the fusibility of the bond. As the 
possible combinations of clays that may be used for bonding 
are almost endless, this is a branch of wheel manufacture that 
requires a great deal of experience. 

The clays to be used are first dried, to eliminate all moisture, 
so that they can be proportioned by weight without the necessity 
of considering the weight of the moisture. Obviously, if there 
were an unknown amount of moisture in the different clays, 
it would be impossible to determine the relative weights with 
accuracy. The bond, after being pulverized and screened 
to remove lumps, is mixed with the abrasive grains in power 
mixing kettles having rotating paddles. After the mixture of 
bond and abrasive is placed in the kettle, -.water is added and 
the mixing process begins. It is very important that the cor- 
rect amount of water be added, the amount depending upon 
the coarseness of the abrasive and the composition of the bond. 
The coarser the grain, the less water is used. If there is too 
much water in the mixture, the grains and bond separate, and 
the former, being heavier, sink to the bottom. An excessive 
amount of water also makes the wheels too compact, whereas, 
if the mixture is too dry, they will be too coarse. The mixing 
requires several hours and depends upon the coarseness of the 
abrasive and the kind of wheel for which the mixture is intended. 

Molding Vitrified Wheds. — When the material for vitrified 
wheels is mixed by the wet process in power-driven kettles, 
as described in the foregoing, the mixture, which has the con- 
sistency of thick paint, is transferred from the mixing kettle 
to a mold; when the mold is full, the mixture is carefully worked 
to remove all air bubbles and insure a solid wheel. This opera- 
tion requires considerable time when molding wheels which 
must be absolutely free from air bubbles, such as those used 
for grinding glass, etc. The molds are then partially air dried 
in an open room to prevent formation of cracks. This pre- 
liminary drying is followed by a more complete drying in a 
heated room. When the molded wheels are hard enough to 
be handled, they are ready to be turned to shape preparatory 
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to burning in the kiln. The wheeb are, of course, molded large 
to allow for turning and also to compensate for shrinkage in 
drying. 

• Truing Molded Wheels, — The rough molded wheel is trued 
and turned to the required form on a potter's wheel. This is a 
very simple device which consists principally of a revolving 
table and a horizontal cross-rail along which the tool-slide 
is fed by hand. The wheel to be trued is not held in any way 
but is simply placed on the center of the table which is made 
of plaster of Paris. The tool used for turning plain surfaces 
is a piece of flat, unhardened steel. This tool can be fed either 
vertically or horizontally, and scales on the machine enable 
the operator to turn to the required dimension without taking 
any measurements. 

The wheel is not reduced to the size finally required but an 
allowance is made for shrinkage in the kiln and also to provide 
material for a final truing operation after burning. This al- 
lowance depends upon the size and grain of the wheel. A 
coarse wheel requires a greater allowance than a fine one, other 
conditions being equal. In the operation of the potter's wheel, 
hand tools ^are used, to a certain extent, particularly in the 
formation of special shapes. 

Burning Vitrified Wheels. — The next process in connection 
with vitrified grinding wheel manufacture is the burning of the 
wheel$, in order to partially melt the bond and form a solid but 
porous wheel. Much skill and care is required to bum wheels 
successfully, as the temperature must be very accurately con- 
trolled for long periods. The wheels to be burned are stacked 
in a large brick kiln and are protected against the direct action 
of the flames and gases by packing them in fireclay saggers. 
When the kiln is full, the door is closed and luted with fireclay, 
and the burning begins. This continues, without interruption, 
for a period of from three to five days; the furnace is then 
allowed to cool slowly for a week. 

Molding by Hydraulic Pressure. — When very hard, close, 
vitrified wheels are required, they are molded under the hy- 
draulic press. Very strong molds must be used, as the pressures 
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are enormous. For example, a 36-inch wheel would require a 
pressure of about 1000 tons. The bond and grain for pressed 
wheels are first mixed dry in a tumbling barrel, after which 
water is added until the proper consistency is obtained; the 
mixture is then spread evenly in the steel molds and pressed. 
The wheels are at once removed from the molds, dried, and 
"fired" in the same manner as other vitrified wheels. 

The Tamped Process, — Still another method of molding 
vitrified wheels is known as the "tamped" process. The 
abrasive and clay for the bond are mixed together in a com- 
paratively dry condition, and this mixture is then rammed into 
molds of the required size. After molded wheels have dried, 
they are burned in a kiln, the same as the wet-mixed wheels. 
The tamped process is used principally for making small 
wheels. 

Qualities of Vitrified Wheels. — A vitrified grinding wheel 
has the following qualities: It is very porous and, therefore, 
free-cutting; it is not affected by water, oils, acids, temperature, 
or climatic conditions; the bond is hard and practically an 
abrasive in itself; the wet-mixed vitrified process insures uni- 
formity in the wheel, there being no hard or soft spots; the 
high temperature required for burning vitrified wheels bums out 
impurities, leaving nothing but the abrasive and its bond. 

Objections to Vitrified Process. — The disadvantages of the 
vitrified process are that the process is slow; large wheels are 
liable to be cracked in the kiln; it is impracticable to produce 
wheels larger than about 34 inches in diameter, and many manu- 
facturers will not make wheels larger than 24 or 30 inches; the 
burning process is difficult to control perfectly, so that a given 
lot of wheels are liable to be somewhat "off grade"; the intense 
heat of burning slightly weakens the abrasive grains. 

Vitrified wheels are extensively used for cyUndrical grinding, 
for surface grinding when a disk form of wheel is used, for internal 
grinding, cutter grinding, and for many other purposes. They 
can readily be distinguished from other wheels by the reddish 
or reddish-brown color and the clear ringing sound produced 
when they are tapped. 
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Silicate Bonding Process. — Silicate wheels derive their 
name from the fact that silicate of soda or. water glass is the 

« 

principal ingredient used in the bond. These wheels are also 
sometimes referred to as semi-vitrified wheels. In brief, the 
process consists of thoroughly mixing silicate of soda and the 
abrasive grains in spedal mixing machines, and then ramming 
this mixture into molds. The wheels are then dried and after- 
wards baked in special ovens from which all fire gases are care- 
fully excluded. As the result of this baking, the bond hardens 
or sets. Some shapes of silicate wheels are molded by hydraulic 
pressure, as, for example, "dish wheels" and those which must 
be exceptionally hard. It is important that the bond and 
abrasive be so mixed as to secure the proper consistency or 
"stickiness" and granular condition that is required for tamping 
the wheel to a uniform density, so that the wheel itself will 
not only be uniform throughout but uniform as compared with 
other wheels of the same kind. To appreciate the importance 
of preparing the material for tamping, one needs only to make 
a few wheels to learn that large differences in grade may be 
produced by the manner in which the bond and abrasive mix- 
ture packs into the mold. The tamping of silicate wheels re- 
quires considerable experience, in order to secure uniformity of 
grade and a well-balanced wheel. When the wheels are being 
heated, the time and temperature factors are also important, 
because over-burning does as much damage as under-burning, 
and the allowable limits of variation are small. After the 
wheels are removed from thfe oven, they are trued, graded, 
balanced, bushed for the grinding spindle, and inspected. 

While silicate of soda is the principal ingredient of the bond, 
other substances have to be added, and, as there is quite a 
variety, silicate wheels can be modified to suit the conditions. 
In contrast with vitrified wheels, there are not many silicate 
wheels used, but, for certain purposes, they possess advantages. 
Ordinarily, they cut smoothly and with comparatively little 
heat, and for grinding operations requiring the lowest wheel 
wear compatible with cool cutting, silicate wheels are often used. 
Their grade is also dependable and much larger wheels can be 
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made by this bonding process than by the vitrified process. 
Vitrified wheels are rarely made larger than from 30 to 34 inches, 
whereas, silicate wheels up to 60 inches in diameter are produced. 
Silicate wheels of the harder grades, however, are not as satis- 
factory as vitrified wheels, because they are of closer texture 
and do not cut as freely. 

The advantages of the silicate bonding process may be sum- 
marized as follows: It is rapid and special wheels may be made 
in a few days; it is dependable, as the baking process is easily 
controlled; excessive heat is not required, so that the original 
strength of the abrasive grains is not impaired. For wet grind- 
ing, the soda in the bond acts as a lubricant, causing the wheel 
to cut smoothly and with comparatively little heat. Wheels 
of any size up to 60 inches or even larger may be made. Sili- 
cate wheels may be molded on iron centers or backs, which is not 
the case with vitrified wheels, since the burning temperature 
would melt the iron. As to the disadvantages, the harder 
grades of silicate wheels do not cut as freely as vitrified wheels 
of the same grade and wheels requiring extraordinary hardness 
and durability cannot be made by the silicate process. 

Some of the grinding operations for which silicate wheels have 
been found to be especially adapted are as follows: For grinding 
high-speed steel machine shop tools, such as reamers, milling 
cutters, etc.; for hand grinding lathe and planer tools; for 
surface grinding with machines of the vertical ring- wheel type; 
and, for operations requiring dish-shaped wheels and cool 
cutting. These wheels are unequal for wet grinding on hard- 
ened steel and for wet tool grinding. They are easily recog- 
nized by their light gray color. 

Elastic Wheels. — Very fine grinding wheels are made by the 
elastic process. Shellac is the principal ingredient in the bond 
and the wheels made by this process are strong and have con- 
siderable elasticity, so that very thin wheels can be used safely. 
Wheels ^j inch thick are manufactured. After the bond and 
abrasive have been prepared, its consistency is such that if 
thin wheels are to be made, the mixture may be rolled into 
shallow molds; thicker wheels are formed by ramming into 
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molds, the same as silicate wheels, or by means of hydraulic 
pressure, the method depending upon the size. The molded 
wheels are baked at low temperature, to set the shellac. 

The advantages of the process are that very thin wheels, of 
suflBicient strength to be used safely, may be produced. Their 
elasticity tends to smooth cutting, so that a fine finish may be 
obtained whether they are used wet or dry. The process is 
rapid and easily controlled, and elastic wheels may be molded 
on iron centers or backs. Elastic wheels are less open and 
porous than vitrified wheels, however, and will not withstand 
much heat; they are nearly black in color. 

Thin elastic wheels are used for slotting and for cutting off 
stock^such as tubing, pipes, wire, thin sheets of tin or brass, 
and other materials, especially when the parts are difficult 
to hold for cutting with regular tools. Thicker elastic wheels 
are employed for saw-gumming, grinding the teeth of gears, 
sharpening woodworking tools, etc. They are also used for 
cutlery work and roll, grinding, where a very smooth polished 
surface is desired. Elastic wheels may safely be run in water 
but should not be used in oil or caustic soda, because the oil will 
soften the bonding material, causing the wheel to quickly wear 
out, whereas caustic soda will disintegrate the wheel structure. 
For cutting-off work, a wheel speed varying from 9000 to 11,000 
feet per minute has been found to be the most efficient. For 
general operations, aside from cutting off, a speed of from 5000 
to 6000 feet per minute is recommended. These thin cutting- 
off wheels will do work which cannot be done with an edged 
cutting-off tool, as, for example, the cutting off of unannealed 
high-speed steel stock. The machines used for this work are 
very simple. When cutting off small light pieces, the wheel 
rotates in a fixed position and the work is moved against it, 
whereas, for cutting long and wieldy parts, the work is held 
stationary and the wheel is given the feeding movement. These 
machines will cut off steel, iron, bronze, brass, copper, tubing, 
pipe, and other metal parts up to about 3 inches in diameter. 

Vulcanite, Celluloid, and Oil Processes. — In the vulcanite 
process, the abrasive grains are bonded by the use of vulcanized 
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rubber. Very hard, tough, thin wheels can be produced in 
this way, but they are expensive. The abrasive is rolled into 
the prepared rubber, and this mass, while warm, is molded mto 
wheels which are heated while under pressure, to vulcanize 
the rubber. Vulcanite wheels, like those of the elastic t)^e, 
are made very thin and are adapted for cutting oflF tubing, wire, 
thin sheets of steel or brass, and parts which are difficult to 
hold for cutting by regular tools. For general cutting-oflF 
operations, when the speed of cutting is not an important 
factor, vulcanite wheels are generally considered preferable to the 
elastic wheels. The latter, however, can be used to better ad- 
vantage for cutting oflF tempered tool steel or alloy steel tools, 
when cool cutting is important, because of their softer grades 
and cooler grinding action. 

While elastic and vulcanite wheels are used, to some extent, 
for operations other than slotting, grooving, nicking, and cutting 
off, they have been largely superseded by vitrified wheels. 
This is because the coarse structure of the vitrified bond gives 
a much freer and cooler cutting or grinding action and a pro- 
portionate increase of production. For some classes of work, 
however, the elastic and vulcanite wheels are unsurpassed. 
Vulcanite wheels can be safely run in water, and they are not 
injured by oil or caustic soda, as are the elastic wheels. 

Wheels made by the celluloid process have a bond of cellu- 
loid, as the name implies. The abrasive grains are mixed with 
strap celluloid and this mixture is rolled into sheets from which 
the wheels are cut. After seasoning for several months, the 
wheels are ready to finish. Wheels bonded in this way are also 
comparatively high in price. 

With the oU process, an oxidizing oil is mixed with the abrasive 
grains. After this mixture has thickened from exposure to 
the air, it is formed into wheels, by compressing it into molds 
by means of hydraulic presses. The molded wheels are then 
baked slowly at a low temperatxire. Oil wheels are similar 
in action to elastic wheels but less dependable as to grade and 
uniformity. The three processes referred to in the foregoing 
are only used to a limited extent. 



CHAPTER Vn 
SELECTION OF WHEELS FOR GRINDING 

When sdecting a grinding wheel, there are several factors 
which must be considered. The grade and grain depend largely 
upon the area of contact between the wheel and work, the 
kind of material to be ground, and its degree of hardness. A 
harder wheel should be used on soft machine steel than on 
hardened tool steel. The reason for this will, perhaps, be better 
understood if we think of a grinding wheel as a cutter having 
attached to its periphery an innumerable number of small 
teeth, for this is literally what the thousands of small grains of 
abrasive are. When the wheel is of the proper grade, these 
small teeth or cutting particles are held in place by the bond 
until they become too dull to cut effectively, when they are torn 
out of place by the increased friction. Obviously, these grains 
or cutters will become dulled sooner when grinding hard than 
when grinding soft steel; hence, as a general rule, the harder 
the material, the softer the wheel, and vice versa, although soft 
materials, such as brass, are ground with a soft wheel, which 
crumbles easily, thus preventing the wheel from becoming 
loaded or clogged with metal, as would be the case if a hard- 
bonded wheel were used. 

When a hard wheel is used for grinding hard material, the 

grit becomes dulled, but it is not dislodged as rapidly as it 

should be, with the result that the periphery of the wheel is 

worn smooth or glazed, so that grinding is impossible without 

excessive wheel pressure. Any undue pressure tends to distort 

the work, and this tendency is still further increased by the 

excessive heat generated. If the surface of the wheel becomes 

*' loaded" with chips and bums the work, even when plenty 

of water is used, it is too hard. When a wheel is used which is 

too soft, the wear is, of course, greatly increased, as the particles 
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of grit axe dislodged too rapidly, and, consequently, the wheel 
is alwa)^ "sharp.'' This means that the abrasive has not done 
sufficient work to become even slightly dulled and the result 
is a rough surface on the work. In regard to selecting the 
proper grinding wheel, as a general rule, materials of high tensile 
strength, such as soft and hardened steel, etc., require a wheel 
made from an aluminum oxide abrasive, whereas, for grinding 
materials of low tensile strength, such as cast iron, brass, bronze, 
etc., a wheel made from a carbide of silicon abrasive should 
be used. 

Effect of Arc of Contact. — The area of the surface which is 
in contact with the wheel should be considered when selecting 
the proper grade. For a given material, the wheel should be 
softer as the area increases. To illustrate, a wheel of grade M 
might be suitable for grinding cylindrical pieces 2 inches in 
diameter but not suitable for a diameter of 4 inches, because 
of the increased contact area, owing to the increase in diameter. 
This explains why softer wheels are required for surface grinding 
than for external cylindrical grinding operations. 

For grinding smaU cylindrical work, as shown at A, Fig. i, 
the conditions, so far as the arc of contact is concerned, are 
almost ideal because of the small arc of contact; the work and 
wheel may also be cooled easily; and, in addition, the dull 
abrasive grains readily fall out of the way and do not interfere 
with the grinding operations. An increase in the diameter 
of the work 6, in relation to the wheel diameter, iacreases the 
arc of contact and may necessitate using a wheel of different 
grade. All other factors being equal, the larger the diameter 
of the work, the softer the wheel should be. On surface grinding 
with a disk wheel, as shown at B, the conditions are not quite 
so satisfactory because, in this case, a greater portion of the 
wheel surface comes into contact with the work. When a 
narrow wheel of this shape is used and is fed across the work c 
a certain distance for each traverse of the table, very little 
difficulty is encountered if water or other cooling lubricants 
can be used. When the grinding must be done dry, however, 
considerable trouble is sometimes experienced due to heating 
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and warping, especially when the work is thin; therefore, 
wheels of a softer grade are used for grinding under the condi- 
tions shown at 5 than for grinding cylindrical parts as indicated 
Sit A. 

For internal grinding, as shown at C, still more attention 
must be given to the grading of the wheel, because the arc of 
contact between the wheel and work d is much greater than in 
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Fig. z. Diagrams illustrating Variation in Arc of Contact between 
Wheel and Work for Different Grinding Operations 

the other cases mentioned, and the difficulty of using a cooling 
lubricant is also increased. On small hole work, wheels are 
usually ordered of the same diameter as the hole, or slightly 
larger, and then are trued until they just enter the hole. In such 
a case, the arc of contact is greatly increased and the work 
and wheel tend to heat more rapidly; the difficulty of injecting 
a cooling lubricant into the hole is also increased. This makes 
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it necessary to use a much softer wheel than if the wheel were 
smaller in relation to the diameter of the hole. 

The most severe condition under which a grinding wheel 
operates and one that requires the greatest attention in the 
selection of the proper grade and grain is that of surface grind- 
ing by the method illustrated at D, There are two conditions 
that must be taken into consideration. The first one is where 
the work / is wider than the diameter of the ring or cylinder 
wheel used. As the entire cutting face is in contact with the 
work, a wheel of extremely soft bond and coarse grain should 
be used to secure satisfactory results; otherwise, the work will 
be heated to such an extent that it will spring out of shape and 
accurate results are impossible. It is necessary also to have a 
copious supply of cooling liquid to reduce the heat. 

The other condition is where the work e is less in width than 
the diameter of the wheel. In this case, the work has a tendency 
to tear the grains out of the bond; hence, a wheel of harder 
bond is required because of the shaving action of the edges 
of the work on the surface of the wheel. As the contact area 
is reduced, a wheel of finer grain may be used. 

Determining Grain of Wheel. — The grain or degree of 
coarseness of a grinding wheel is another point to be considered 
when making a selection. Generally speaking, coarse wheels 
are better adapted to most work, because the larger grains 
permit deeper cuts to be taken. When a very fine finish is 
required, particularly on a number of duplicate pieces, fine 
wheels are often used for finishing, after the work has been 
ground close to the required size with a coarse wheel. It is 
not necessary, however, to use a fine wheel in order to obtain a 
surface that is smooth enough, for ordinary machine parts, 
as a wheel of comparatively coarse grain will produce a finish 
fine enough for most purposes, if the work speed is reduced some- 
what and the wheel is trued with a rather dull diamond just 
before taking the finishing cut; in fact, very fine surfaces can 
be obtained with a comparatively coarse wheel of the proper grade 
and grain, provided there is the correct relation between the 
surface speeds of the wheel and work and the wheel is carefully 
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Table L Grain and Grade of Grinding Wheels for Plain Cylindrical 

Grinding 



Wheel 
M'nTr* 


Abrasive 

(All Wheels 

Bonded by 

Vitrified Process) 


0.20 to a50 per cent 
Carbon Steel (Soft) 


0.20 to 0.50 per cent 

Carbon Steel 

(Hardened) 


Chrome>nickel or 

Chrome* vanadium 

Steel (Heat>treated) 


(jrain 


Grade 


Oain 


Grade 


Grain 


Grade 


A 

B 

C 
D 
E 
P 

G 
H 

I 
J 
J 


BoroK»rbone 

Corundum 

Aloxite 


24 to 46 

Comb. 

58-24. 

Comb. 

36 

36 

46 
38-36 
Comb. 
30 to 36 
201036 
241036 
30 Comb. 


LtoM 

LtoM 

MtoO 

MtoN 

MtoN 

L 

MtoP 

2t0 3^i 

D»toD» 

3H to 3H 


241046 
C^omb. 
461060 

36 

381046 

46 

46 

301036 

36 
361040 

50 


K 
K 

P 
KtoL 
OtoP 

K 

MtoP 

2 
E»lo£« 


241046 
Comb. 

S8-24 
Comb. 

40 
341036 
241036 

38-24 
Comb. 
241036 
201030 
24 to 30 
3oC^omb. 


MtoN 

L 

J 
M 

MtoO 

L 

MtoP 

2Vito3 
D»to£» 
3Mt0 394 


Ozaluma 

Corundum 

Alundum 

Rex 


Corundum 

Corundum 

Alowalt 


Corowall 














Wheel 
M'nTr* 


Abrasive 

(Vitrified Bond 

except where 

marked imder 

Grade) 


Cast Iron 


Cast Brass and 
Bronze 


C^ast Aluminum 


1 
Grain | C^rade 

1 


Grain 


C}rade 


Grain 


Grade 


A 

B 

B 

C 

D 

D 

E 

P 

C 

H 

I 

I 

J 


C^bide of silicon 

Carbolile 

Corundum 

Carborundum... 
Carborundum... 

Oxaluma 

Carborundum... 

Cry stolon 

Corex 


30 to 60 
361054 

24 to 60 
16 to 30 

16 to 36 

30 

24 to 36 

20 
241046 

241046 


KtoM 
KtoM 


301046 

24 

24 to 36 

20 to 36 
36 to 46 

30 

20 to 30 
30 

24 to 30 

301046 


LtoiV 

MtoN 
LtoM 

M to 6 

iVtoPt 

KtoL 

P^ilH 

3 

" Et ' 

2^4 to 3H 


301036 
461060 

16 to 24 

161030 
20 to 36 

36 
301036 
301036 

36 

301046 


3Eto3£} 

3£t03H£] 


LtoN 
LtoM 


2% 

NtoR 

yto/ct 

IfHtoPH 
3I03W 

Am 


CloSt 

JtoK 

M^toPH 

2I03 

Djto£i 


Corundum 

Carbolon 

Corundum 

Carbowall 


2 ^i to 3^ 


2M to 3t 


* The letters in the first column represent the following wheel manufacttaren: (A) Abra- 
sive Material Co.; (B) American Emery Wheel Works; (O Carborundum Co.; (D) Cort- 
land Corundum Wheel Co.; (£) Detroit Grinding Wheel Co.; (F) Norton Co.; (G) Safety 
Emery Wheel Co.; (H) Sterling Grinding Wheel Co.; (/) Vitrified Wheel Ca; (J) Waltham 
Emery Wheel Co. 

t Grinding wheel bonded by silicate prcxress. 

X Grinding wheel bonded by elastic process. 

Non. The numbers 38 and 58 preceding, in some cases, the grain sixes, indicate a special 
manufacturing process for the abrasive listed. 
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trued with a diamond tool. When roughing cuts are being 
taken, the cutting particles are constantly worn away or dis- 
lodged, so that the face of the wheel is kept rough or "sharp" 
and the ground surface is also comparatively rough. After 
the wheel-face has been trued with a diamond, however, light 
finishing cuts, in conjunction with a reduced work speed, will 
give a finish which is smooth enough for all practical purposes, 
even though a fairly coarse wheel is used. 

Incidentally, it is not always the highly polished surface which 
represents the most accurate work, because this finish is some- 
times obtained at the expense of accuracy, by using hard wheels 
that require so much pressure to make them grind that the work 
is distorted. In order to secure accuracy, the wheel must cut 
freely and without perceptible pressure. Sometimes, a coarse 
wheel will not cut after a siurface has been finished to a certain 
point, because the cutting particles wear oflF somewhat and the 
ends become too large and blunt to enter the smooth surface. 
If this occurs, the wheel should be trued with a diamond or be 
replaced with one of finer grain. When grinding brass or soft 
bronze, the grain of the wheel must be as fine as the finish de- 
sired; in other words, it is not practicable to use a coarse wheel 
for finishing these metals. 

Wheels for Cylindrical Grinding. — While it is impossible 
to give definite information regarding the selection of grinding 
wheels, owing to the different factors which must be considered 
in each case, the wheels listed in the accompanying tables will 
enable one to obtain a general idea of the grades and grains 
that are commonly used for grinding different materials. 

Table I gives a list of wheels reconunended by various wheel 
manufacturers for grinding soft, hardened, and alloy steel, 
cast iron, brass, bronze, and aluminum and can be used as a 
basis in making the proper selection. By referring to this 
table, it will be noticed that for grinding cast iron, cast brass, 
bronze, and aluminum, in most cases, wheels made from carbide 
of silicon abrasives are recommended, although there are a 
few manufacturers who recommend aluminum-oxide abrasives 
for this work. It will also be noticed that the bonding proc- 
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esses recommended by the various wheel manufactxirers differ 
to some extent. 

For large-diameter cast-iron work, the Norton Co. recommends 
a wheel of grain 30, grade J, crystolon, and for small-diameter 
cast-iron work, a grain 30, grade K, crystolon. The wheel 
for large diameters is one grade softer than for comparatively 
small diameters. For bronze, a grain 30, grade K, crystolon 
wheel has been used to advantage. When grinding armatures 
or other parts where copper and wrought-iron pieces are ar- 
ranged alternately, a Norton crystolon elastic wheel, grain 46, 
grade 2, has been used with success. For grinding chilled 
cast-iron rolls of large diameter, where it is desired to have a 
surface free from scratches, a crystolon wheel, grain 80, grade J 
has given good results. Of course, it will be understood that 
this information is intended only as a general guide. 

There is such a large variety of alloys in use that it is difficult 
to specify any particular grain or grade of wheel that can be 
used satisfactorily on all of them. For instance, it is now neces- 
sary to distinguish between numerous kinds of brass of high 
and low zinc content, such as "red" and "yellow" brass, bronze, 
naval brass, and many others. The term "bronze" was for- 
merly employed to indicate an alloy, the chief constituents of 
which were copper and tin (copper predominating), but in 
recent years many different alloys are referred to as bronzes. 
Commercial brass is generally understood to mean an alloy of 
two-thirds copper and one-third zinc, but this varies. The 
copper content may vary from 60 per cent to 80 per cent; 
the amount of copper and tin in bronze also varies con- 
siderably. 

For nickel-bronze, a wheel made of crystolon, grain 24, grade 
Q gives good results. For bell metal, a wheel of the same 
material but of a little harder grade is recommended, such as 
grade R and grain 24 or 30. Comparatively thin wheels are 
often used for such metals and the work is ground by what is 
known as the "fixed-wheel" method. Careful experiments 
made in grinding brasses and bronzes with a crystolon wheel 
showed that a grain 30, grade P wheel gave the best results. 
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Wheels for Form Grinding. — In form grinding, the wheel 
is fed straight in on the work without being traversed, and, 
therefore, is required to take both a roughing and finishing cut. 
Usually, pieces that are form ground (crankshafts not being 
considered) are finished right from the rough-tuming to the 
final grinding in one straight-in cut. It is not uncommon, 
therefore, to find that the wheels generally recommended for 
form grinding are of a combination grain. Table II gives the 

Table IL Grain and Grade of Grinding Wheels for External Form 

Grinding 



Wheel 
M'nTr* 


AbzBsive 

(Vitrified Bond 

except where 

Marked xmder 

Grade) 


0.20 to 0.50 Per cent 
Carbon Steel (Soft) 


0.20 to 0.50 Per cent 
Carbon Steel 
(Hardened) 


Chrome-nickel or 
Chrome- vanadium 
Steel (Heat-treated) 


Grain 


Grade 


Grain 


Grade 


Grain 


Grade 


A 
B 

C 
D 
E 
F 

G 
H 
I 
J 


Boro-carbone 

Corundum 

Aloxite 


24 Comb. 

58-24 
Cx}mb. 
24 to 30 
24 to 54 
361046 
24 Comb. 

or 46 

24 to 60 

20 to 36 

46 

46 


LtoM 
LtoM 

JtoK 
LtoM 

JlftoPt 
LtoN 

A/HtoPH 

2t0 2ji 

E 
3to3'/4 


24 Comb. 
4)6 to 60 

24 to 30 
24 to 60 

361046 
20 Comb. 

or 46 
24 to 60 
20 to 30 

36 to 54 
50 


JtoK 
KtoL 

M 

KtoL 

LtoOt 

LtoiV 

MtoP 

2 

294to3W 


24 Comb. 
58-36 to 

58-60 

24 to 30 

30 to 46 

36 to 46 

24 Ojmb. 

or 46 
24 to 60 
16 to 20 
36 to 46 
46 to 60 


LtoAf 
y toL 

JtoK 
KtoM 
If to Of 

yto If 

AftoP 

3V4 
DttoE 

3to3J4 


Oxaluma 

Carbo-alumina. . 
Alundum 

Rex 


Corundum 

Corundum 

Alowalt 






* For list of wheel manufacttirers which letters represent, see foot-note Table I. 
t Grinding wheel bonded by silicate process. 

Note. The number 58 preceding, in some cases, the grain sizes, indicates a special manu- 
facturing process for the abrasive listed. 



grain and grade of wheels for form grinding as recommended 
by various grinding wheel manufacturers. The conditions which 
govern the grain and grade of the wheel for form grinding are 
the face of the wheel in contact with the work, the rigidity of 
the machine in which the wheel is held, and the speed at which 
the work is rotated. For average work, a combination grain, 
grade M or N wheel is recommended. These grades of wheels 
have been found to give good results on from 0.20 to 0.50 carbon 
steel, not hardened, as well as chrome-nickel or chrome- vana- 
dium steel, heat-treated. 
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Wheels for lotemal Grinding. — The selection of the proper 
grain and grade of wheel for internal grinding depends not 
only upon the kind of work and the work and wheel speeds, but 
also very largely upon the stiffness of the machine and the 
firmness with which the wheel-spindle is supported. Briefly 
summarized, some of the points to take into consideration are; 
Diameter of hole; speed of wheel-spindle; kind of work; whether 
the hole is plain or keyseated; nature of material; stiffness of 
machine; rigidity of wheel-spindle; and whether the cut is for 
roughing or finishing. 

As regards the diameter of the hole, there are several points 
to consider. La the first place, where the hole is below | or i 



Pi«. : 

inch in diameter, for economical reasons, it is necessary to have 
the wheel as large as [)OssibIe; the wheel is usually ordered of 
the same diameter or larger than the hole to be ground and then 
b trued tmtil it enters the hole. By using a wheel practically 
the same size as the hole, as shown at A in Fig. 2, the arc of 
contact of wheel and work is large, and, consequently, a much 
softer wheel must be used than if the wheel were small in rela- 
tion to the diameter of the hole. Where the wheel is small, a 
harder bond and finer grain wheel can be used. The lower 



WHEELS FOR INTERNAL GRINDING 



239 



Table lEL Grain and Grade of Grinding Wheels for Internal Grinding 



Wheel 
M'nTr* 


Abrasive 
(Vitrified Bond 

liarked under 
Grade) 


aao to 0.50 Per cent 

Carbon Steel 

(Soft) 


0.20 to aso Per cent 

Carbon Steel 

(Hardened) 


Chrome-nickel or 

Chrome* vanadium 

Steel (Heat-treated) 


Grain 


(^de 


Grain 


GT&de 


Grain 


Grade 


A 
B 
C 
D 

E 
F 
G 

I 
J 


Bofo-carbone 

Corundum 

Alootite 


46 to 60 
36 to 46 

SO 
46 to so 

46 
38-46 

46 

46 
46 to 60 


LtoM 

KtoL 

MtoN 

JtoK 

LtoNt 

JtoM 

MtoP 

DttoDi 

2^t0 3 


46 to 60 
46 to 60 

60 
46 to 60 


JtoK 
JtoK 
MtoN 

J toK 


46 to 60 

58-46 

so 

46 to 50 

46 

38-46 

46 

46 

46 to 60 


ytoL 

JtoK 

MtoN 

KtoL 
ItoKt 
JtoK 
MtoP 
Dt ■ 
aVito3 


Oxaluma 


Carbo^umina 

Altmdum 


60 ytoLt 
38-46 y to L 

60 AftoP 
60 DttoDi 

46 to 60 2Vito3 


Rex 


Conmdum 

Alowalt 




Wheel 
M'nTr* 


Abrasive 

(Vitrified Bond 

except where 

Marked tmder 

Grade) 


Cast Iron 


Cast Brass and 
Bronxe 


Ost Aluminum 


Grain 


Grade 


Oain 


Grade 


Grain 


Grade 


A 
B 
B 

C 

D 

D 

E 

F 

G 

I 

I 

J 

J 


Carbide of silicon. 
Carbolite 


46 to 60 
46 to 60 

36 to 40 
30 to 46 


KtoM 
JtoL 

PtoS 
K 

ictoift 

7toL 
MtoMH 

Dt 

ato3 


46 to 60 

• •■•>••• 

46 to 60 
40 to so 

46 to 60 
36 to 46 
30 to 46 
36 to 60 

so 


LtoJf 

K 

MtoP 

LtoM 
JtoLt 
KtoM 
MtoM^ 

' lh" 

aU to sii 


46 to 60 
46 to 60 

so 

36 to 54 
24 to 36 

36 
36 to 60 

46 

30 to 46 


2EtozE\ 
iH£to2£i 


Carbolite or co> 

rundum 

Carborundum 

Carborundum 

Oxahima . , , , , , , . 


PtoR 


MtoN 

HtoKt 

ato3t 
MtoJdH 

At 


Carborundum 

Crystolon 

Corex 


36 to 46 

30 to 46 

36 to 60 

36 

30 to 46 


C^bolon 


Corundum 

Carbowalt 

Alowalt 


iH to 2t 






JW 




* For list of grinding wheel manufacturers which letters represent, see foot-note. Table I. 
t Grinding wheels bonded by silicate process. 
i Grinding wheels bonded by elastic process. 

Note. The numbers 38 and 58 preceding, in some cases, the grain sizes, indicate a special 
manufacturing process for the abrasive listed. 



the wheel speed, the harder the bond should be, other conditions 
remaining the same. 

When a hole is plain, as shown at B, Fig. 2, a softer wheel 
should be used than if the hole were keyseated, as shown at 
C and D. Slots or keyseats have a shaving action on the 
wheel-face and quickly tear out the grains; hence, for keyseated 
work, a harder wheel should be used than on plain hole work, 
and it should also have a wider face. 
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Table IV. Grain and Grade of Grinding Wheels for Surface 

Grinding — i 



Grinding Wheels of Disk Type 



Wheel 
M'nTr' 



A 
B 

C 

D 

E 

F 

G 

I 

J 



Abrasive 

(Vitrified Bond 

except where Marked 

under Grade) 



Boro-carbone. 
Corundum . . . 



Aloxite 

Oxaluma 

Carbo-cdumina. 

Altxndum 

Rex 

Corundum 

Alowalt 



0.20 to 0.50 Per cent 

Carbon Steel 

(Soft) 



Grain 



24 Comb. 
aoto46 

24 

24 to 30 
16 to 46 
14 to 24 
JO to 60 
36 to 46 
j6to46 



Grade 



LtoM 
JtoK 

NtoP 
KioL 
£ to Aft 
y toK 
AftoP 

E 
2^to3 



0.20 to 0.50 Per cent 

C^bon Steel 

(Hardened) 



Cvrain 



24 Comb. 
36 to 46 

30 

24 to 30 
24 to 46 
14 to 30 

36 to 46 
46 to 60 

36 to 46 



Grade 



JtoK 

/toy 

RtoS 
K 

EtoGt 
H to Kt 
MtoP 
DitoE 

2 to 2^ 



Chrome-nickel or 
Chrome- vanadium 
Steel (Heat-treated) 



Grain 



24 Comb. 

58-30 to 

58-46 

30 
30 to 46 
24 to 46 
14 to 30 
36 to 46 

36 
36 to 46 



(}xade 



LtoM 
ItoJ 

RtoS 

JtoK 

EtoHf 

HtoKX 

MtoP 

E 

2to3 



Grinding Wheels of Ring Type 



A 
B 

C 

D 

E 

F 

G 

I 

J 



Boro-carbone. 
C^undum . . . 



Aloxite 

Oxaluma 

C^bo-alumina . 

Alundum 

Rex 

C^undum 

Alowalt 



24 


yt 


20 to 30 


Gto/t 


24 


58-20 to 


54toiHt 


24 to 36 


^toxt 


58-20 to 


58-30 








58-30 


24 


NtoP 


30 


RtoS 


30 


24 to 30 


KtoL 


24 to 30 


K 


30 to 46 


16 to 24 


EtoGt 


24 to 46 


EtoCt 


24 to 46 


14 to 36 


I to Kt 


14 to 36 


GtoKt 


14 to 36 


24 to 46 


MtoMH 


36 to 46 


MtoP 


36 to 46 


36 


Dt 


36 to 46 


Dt 


36 


36 to 46 


2j^6to3 


36 to 46 


2 to 2^4 


36 to 46 



yf 

^toxt 

RtoS 
JtoK 
EtoH^ 

GtoKt 
MtoP 

Dt 
2 to 3 



* For list of grinding wheel manufacturers which letters represent, see foot-note, Table I. 
t Grinding wheels bonded by.silicate process. 
} Vitrified or silicate bond. 

Note. The number 58 preceding, in some cases, the grain sizes, indicates a special manu- 
facturing process for the abrasive listed. 



The nature of the material has also a governing effect on the 
grade and grain to be used, as well as the abrasive from which 
it is made. For grinding soft steel, the bond should be harder 
than for grinding hard steel. Hardened steel has a tendency 
to glaze the wheel much more rapidly than soft work, and 
glazing is one of the greatest difficulties met with in grinding. 
Wheels made from aluminum-oxide abrasives are excellent 
to use for steel. For grinding cast iron, carbide of silicon abra- 
sives are more satisfactory; carbide of silicon abrasives can 
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also be used on brasses and bronzes, aluminum, nickel-bronze, 
and government-bronze. 

The rigidity of a machine has about as much to do with the 
selection of the grade and grain of the wheel as any other one 
factor. The fact is often overlooked that a machine which is 
not rigid should use a harder wheel than one which is stiflF and 
rigid. The greater the rigidity of the machine, the softer the 
grade and coarser the grain of the wheel should be. Of course, 
the rigid machine also has the advantage that enables it to 
remove the stock with rapidity and without chatter marks. 

For rough internal grinding, it is generaUy advisable to use a 
wheel of coarse grain and soft bond, because of the greater 
cutting capacity of the wheel; under average conditions, a 
wheel of finer grain and harder bond would be better for finish- 
ing. In commercial grinding, however, the time necessary to 
change the wheels for roughing and finishing would more than 
overbalance the gain in production by using a wheel best suited 
to both purposes, so that a wheel is generally selected which will 
be fairly suitable for both roughing and finishing. When a good 
finish is desired, it is the general practice to dress the wheel 
after taking the roughing cut, by passing a diamond slowly in 
front of the wheel. 

Table III gives the grain and grade of grinding wheels for the 
internal grinding of carbon steel (soft and hardened), alloy 
steels, cast iron, brass, bronze, and aluminum. It is practically 
impossible to give a definite grain and grade unless all the con- 
ditions regarding the work and the machine upon which the 
wheels are to be used are known. 

Wheels for Surface Grinding. — In surface grinding, the area 
of contact between the wheel and work is of greater importance 
in the selection of wheels than for either cylindrical or internal 
grinding. As previously mentioned in connection with Fig. i, 
a disk wheel may be used, as shown at B, or a ring or cylinder 
wheel may be used on work that is either wider or narrower than 
the wheel diameter, as shown at D. In Tables IV to IX, inclusive, 
are given wheel selections for surface grinding different materials 
with the disk t)^e and ring or cylinder type of grinding wheel. 
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Table V. Grain and Grade of Grinding Wheels for Surface 

Grinding — 2 



Grinding Wheels of Disk Type 1 


Wheel 
M'nTr* 


Abrasive 


Bonding Process 


Cast Iron 


Cast Brass and 
Bronze 


Grain 


Grade 


Grain 


Grade 


A 

B 

C 

D 

D 

E 

P 

P 

G 

J 

J 

J 

J 


Carbide of silicon. . 
Carbolite 


Vitrified 
Vitrified 
Vitrified 
Vitrified 
Vitrified 
Silicate 
Vitrified or silicate 
Vitrified 
Vitrified 
Vitrified 
Vitrified 
Vitrified 
Three processes 


■ 

30 to 46 
36 to 46 

24 
20 to 30 

16 to 36 

20 to 30 

20 to 26 
20 to 36 

24 to 36 


LtoAf 
KXoL 
PtoS 
LtoM 


30 to 46 

36 to 60 

30 

20 to 24 
24 to 46 

20 to 30 
30 to 36 

24 to 36 

24 to 36 


iCtoL 
KtoL 
PtoS 


Carborundum 

Carborundum 

Oxalunia 


KtoM 
PtoH 


Carbo-alumina 

Crystolon 


DtoH 
JtoK 


Crystolon 


JtoK 
MHtoP 


Corex 


AfHtoPW 
EttoE 


Carbolon 


Corundum 

Carbowalt 

Carbowalt 


EttoE 


2to3 


2to3 




Wheel 
M'n'f'r* 


Abrasive 


Bonding Process 


Cast Aluminum 


Malleable* Iron 
Castings 


Grain 


Grade 


Grain 


Grade 


A 

A 

B 

B 

C 

C 

D 

E 

P 

P 

G 

G 

I 

I 

J 

J 


Carbide of silicon. . 

Boro-carbone 

Carbolite 


Elastic 

Vitrified 

Elastic 

Vitrified 

Elastic 

Vitrified 

Vitrified 

Silicate 

Elastic 

Vitrified 

Vitrified 

Vitrified 

Elastic 

Vitrified 

Elastic 

Vitrified 


30 to 36 

36 to 60 

36 

20 to 24 
20 to 36 
24 to 46 

36 to 46 

20 to 36 

24 to 36 


lEtosE 
iHEtoiE 


24 Comb. 

301036 

16 to 24 
14 to 20 
16 to 30 

14 to 36 

36 to 60 

16 to 30 

24 to 36 




M 


Carbolite 


KtoL 


Carbonindum 

Aloxite 


5to6 


CtoH 
QtoR 
PtoH 


Oxaluma 


KtoM 
IitoMi 

iH to 2H 


Carbo-alumiiia 

Crystolon . . 4 


Alundum 

Corex 


/toKt 


A/toP 


Rex 


MHtoP 


Carbolon 


AH 


Corundum 

Carbowalt 

Alowalt 


£ito£3 


1^4 to 2 


2Ht0 3 




* For a list of grinding wheel manufacturers which letters represent, see foot-note. Table I. 
t For rough castings, unannealed, use crjrstolon; vitrified, grain 20 to 30, grade J to M. 
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Table VL Grain and Grade of Grinding Wheels for Surface 

Grinding — 3 



Grinding Wheels of Ring Type 1 


Wheel 
M'n'f'r* 


Abrasive 


Bonding Process 


Cast Iron 


Cast Brass and 
Bronse 


Grain 


Grade 


Grain 


Grade 


A 

B 

C 

D 

D 

E 

P 

P 

C 

J 

J 

J 

J 


Carbide of silicon. . 
Carbolite 


Vitrified 
Vitrified 
Vitrified 
Vitrified 
Vitrified 
Silicate 
Vitrified or silicate 
Vitrified 
Vitrified 
Vitrified 
Vitrified 
Vitrified 
Three processes 


24-30 
16-24 

24 

20 to 30 

x6 to 24 
14 to 30 

20 to 36 
30 

24 to 36 


/toJ 

ItoK 

PtaS 

LXoM 


20 to 30 

20 to 30 

30 

20 to 24 
x6t0 36 

14 to 30 
30 to 36 

30 
24 to 36 


I to J 
ItoK 
PtoS 


Carborundum 

Carborundum 

Ozaluma 


KtoM 
GtoK 


Carbo-alumina. . . . 
Crystolon 


EtoG 
JtcK 


Crystolon 


ItoL 
J/WtoP 


Corez 


MHtoPH 
Et 


Carbolon 


Corundum 

Carbowalt 


£t 


2 to 3 


Carbowalt 


2 to 3 




Wheel 
M'nTr- 


Abrasive 


Bonding Process 


Cast Aluminum 


Malleable Iron 
Castings 


Grain 


Grade 


Grain 


Grade 


A 

A 

B 

C 

C 

D 

E 

F 

F 

G 

G 

I 

I 

J 

J 


Carbide of silicon. . 

BoTO-carbone 

Carbolite 


Elastic 
Silicate 
Vitrified 
Elastic 
Vitrified 
Vitrified 
Silicate 
Vitrified 
Vitrified or silicate 
Vitrified 
Vitrified 
Elastic 
Vitrified 
Elastic 
Vitrified 


24 to 30 

20 to 30 
36 

20 to 24 
20 to 36 
16 to 30 

36 to 46 

20 to 36 

24 to 36 


MEXjoiE 


20 to 24 
14 to 24 

16 to 24 
14 to 20 
16 to 30 

Uto30 

36 to 60 

24 
24 to 36 




J 

ItoK 


ItoK 
5 to 6 


C^arborundum 

Aloxite 


GtoH 
QloR 
EtoG 


Oxaluma 


KtoM 
HtoK 
HtoK 


Carbo-alumina . . 

Crystolon 

Alundum 


HtoLt 


Corez 

Rex 

Carbolon 

Corundum 

Carbowalt 


MtoP 


M W to P 


4 


£1 


z^ to 2 


Alowalt 


9 to X 






> 1 


* For a list of grinding wheel manufacturers which letters represent, see foot-note. Table I. 
t For rough castings, unannealcd, use crystolon. grain 16 to 24. grade J to Id. 
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T«b]« Vn. Wheel* for Grinding Harrow Snifaces on Vertical Surface 
Grinder* 




innstntion Indicates Gamal CUm of W 



which the Wheela lilted are adapted j 



Cast Iron t 

Chilled Cast Iron. 
Soft Steel 

Hardened Steel . . , 
Aluniinun) 



ICarbolite 
Carbolite 
Crystolon 
Crystolon 



Vitrified 
Vitri6ed 
Vitrified 
Vitrified 



(Corundum 
Alundum 
Alundum 



bytl 
f Pot bran, bfoiue. and ai 



: Bbuicbanl BJachinc Co. 

JLar atloyi ot tcnr teiuile atfeo^h. iu 



For grinding with disk wheels used on the planer type of 
surface grinding machines, the grain commonly varies from 
46 to 60, whereas, the grade is about H for hardened steel when 
using wheels made from aluminum-oxide abrasives; for hard- 
ened high-speed steel or very thin pieces of hardened carbon 
steel, the bond of the wheel should be about grade G, the same 
grain bring used. For grinding cast iron, wheels made from 
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Table Vra. Wheels for Grinding Medium Surfaces on Vertical 


Surface Grinder * 








A ° 












anadapWd 1 






Width 






Materul 


Abnuivt 


Bondint 
ProccB 


of 
Wheel 

Rim 


Gnin 


Ciade 




Carbohte 


Vitrified 


IM 


lo 


H 


Cast Iront 


Carbolite 


Vitrified 


I» 


"4 


I 




Crystolon 


Vitrified 


iM 




H 




Crystolon 


Vitrified 


iW 


14 


I 


Chilled Cast Iron.. 


Carbolite 


Vitrified 


i« 


» 


H 


Soft Steel 


1 Corundum 

1 Alundum 


Silicate 
Silicate 


iM 


IKJ 


H 




Hardened Steel.... 


1 Corundum 
(Alundum 


Silicate 
Silicate 


iM 


3^4 


H 


High-speed Steel. . , Corundum 


Silicate 


i)£ 


I8-.4 


« 


Aluminum Alunduni 


Vitrified 


IM 


38-14 


/ 


Fiber Alundum 


Silicate 


iH 


38->4 


G 












t For bnn. broiue. and limilu allor^ of low ten 


3i1e ittenBth. u» 




h«liu 




ifoo. For hud bnnuE lue ume wh«li u lor nft 


n«i. 








No™. The numbers 38 and sapncedma, in xm 


le cam, ttut tm 


QtiKS. i 


dicatga 


.pccial 













carbide of silicon abrasives are used, the grain being about 36 
and the grade J. 

When grinding with cylinder or ring wheels, the greatest 
trouble experienced is in getting rid of the chips and preventing 
heating of the work. The grinding of a continuous flat surface 
with a ring whed makes it necessary to do the grinding with 
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Table IZ. WbedB for Gnnding Broad Surfacea c 
Grinder" 


•a Vertical Suitece 


A 










■n adapted 








Width 








Abtuive 


p™ 


Wh«l 


Gmn 


Cnde 


Cast Iront 


ICarbolite 

(Crystolon 


Vitrified 
Vitrified 




34 


G 




Corundum 
Alundum 
Alundum 


Silicate 
Silicate 
Vitrifiedt 




1" 

38-14 


/ 




Hardened Steel..,. 


(Corundum 
1 Alundum 


Silicate 
Silicate 




J-M 


G 


High-speed Steel... 


Corundum 


Silicate 


IW 


58-24 


M 


f For IwMB. broiue. and simiW Blloy» of low Im 
iron. Pot hard bionie UK ume wheels u [or Kft 


>t«l. 


-•• 


heeliuforoM 


Non. The aumben jS ind s« piwuding. in m 


rieaK9.t!u!gn 


D «««, indidie > tpeciia 



a rapid work speed and shallow cuts, using wheels of rela- 
tively coarse grain and soft bond. When the work is narrow 
in proportion to the diameter of the wheel, as shown by the 
dotted lines at D in Fig. i, there is less trouble with chips. 

The wheels used on the Blanchard belt-driven grinders are 
of the cylinder type, 16 inches in diameter, 5 inches high, and 
of widths of rims varying from ij to i^ inch. In selecting 
wheels for this machine, the two most important factors to 
consider are the material to be ground and the amount of surface 
presented to the wheel. For grinding cast iron, aluminum, 
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brass, and alloys of low tensile strength, wheels made from 
carbide of silicon abrasives and having a vitrified bond have 
given the best results. For steel, either hard or soft, and for 
the tougher and stronger bronzes, wheels made from aluminum- 
oxide abrasives and bonded by the silicate process are used. 
As a general rule, hard-bond wheels should be used on soft, 
tough stock and soft-bond wheels on hardened stock. 

The surface to be considered in grinding on a surface grinder 
is that presented to the wheel by a group of pieces that are held 
on the chuck at one time. These have been divided into three 
classes, m., narrow, medium, and broad surfaces. The wheels 
recommended by the Blanchard Machine Co. for these various 
classes of work are given in Table VII, VTII, and IX, respec- 
tively. These tables will serve as a general guide in selecting 
the wheels. The wheels listed are those made by the American 
Emery Wheel Works and the Norton Co. The reason for 
this is that a large number of tests have been made with these 
particular wheels on the work specified. 

The illustration shown in connection with Table VII is given 
to indicate "narrow surfaces." At A is shown a ring with a 
1-inch rim. At B is shown a group of rings with walls \ inch 
wide, whereas, at C are shown castings having ribs \ inch wide 
and small bosses that must be groimd. These are given to 
indicate, in a general way, what is meant by "narrow surfaces." 
The illustration accompanying Table VIII shows examples of 
work to indicate medium surfaces. Ring-shaped parts, like 
the one shown at A, may vary in width from 2 to 3 inches; 
the parts shown at B are washers 3I inches in diameter with 
a 2-inch hole, leaving a wall of f inch. Thirty-four pieces are 
held on the table. If a single instead of a double row of pieces 
were held on the chuck at one time, this class of work would 
be considered as having narrow surfaces. The castings shown 
at C have a groimd surface about i\ inch wide and 16 pieces 
are held on the table. 

Points on Selection of Grinding Wheels. — A few of the most 
important points to consider in making a selection of the correct 
grain and grade of wheel to use are given in the foUowing: 
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1. For materials of low tensile strength, use grinding wheels 
made from the carbide of silicon abrasives. For materials 
of high tensile strength, use grinding wheels made from alu- 
minum-oxide abrasives. 

2. If a wheel glazes over, fills, and cuts slowly, it is too hard 
— try one or two grades softer. 

3. If a wheel wears away too fast, wears out of roimd or 
quickly loses its shape, it is too soft. 

4. Increasing the speed of a wheel will make it act like 
a wheel of harder grade, and decreasing the speed will make it 
appear softer. A wheel should be speeded up as the diameter 
is reduced by wear, in order to maintain the proper surface 
speed. 

5. The greater the surface contact between the wheel and 
the work, the softer the grade of the wheel should be. 

6. In cyUndrical grinding, work of large diameter will re- 
quire a softer wheel than work of small diameter. Pieces 
which have a narrow surface or edge to be groimd need a harder 
wheel than wide surfaces. 

7. In cylindrical grinding, increasmg the work speed tends 
to wear away the wheel faster. Vibration due to worn bearings, 
lack of rigidity in the machine, or a shaky floor has the same 
effect. 

8. The use of water permits of the use of a wheel of slightly 
harder bond and improves the finish of the work. It also pre- 
vents overheating of the work and the resulting distortion. 

9. A wheel is the most efficient when it is just soft enough 
to cut freely without excessive wear and not hard enough to 
cause glazing. 

10. To preserve some special shape of face, a relatively hard 
wheel should be used — generally a wheel of combination grain 
is recommended for form grinding. 



CHAPTER Vm 
GRINDING WHEEL TRUING DEVICES 

A GRINDING wheel should run true and have an even bearing 
on the surface of the work, the face of the wheel being parallel 
with the surface being ground; it is especially important to have 
a true, even wheel-face when taking a finishing cut. The only 
satisfactory method of truing a wheel, for machine grinding 
operations, is by the use of a diamond tool. This tool is clamped 
to the footstock of the machine (as shown in Fig. i) or in a special 
holder attached to the table, and the stroke is adjusted so that 
the diamond point will clear the. wheel-face on each side. The 
wheel, which should revolve at the speed required for grinding, 
is then trued by bringing it into contact with the diamond as the 
latter travels back and forth. Very light cuts should be taken 
and plenty of water used to keep the diamond cool. The 
diamond tool should be held with the point quite close to the 
clamp, or point of support, in order to reduce vibration and 
give a smooth accurate wheel surface. Diamond tools usu- 
ally have round shanks, to permit clamping them in different 
positions, so that the wear on the diamond will not be confined 
to one or two points. When truing the wheel, light cuts should 
be taken and the diamond traversed across the face with a 
uniform speed. The nimiber of times that the wheel has to 
be trued depends upon the character of the work and the kind 
of wheel used. If it is necessary to remove considerable stock, 
the wheel may have to be trued before taking each finishing 
cut, provided the roughing and finishing operations are per- 
formed successively. When a number of duplicate parts are 
ground, this is avoided by first rough-grinding them all and 
then truing the wheel once for finishing the entire lot, or as 
many parts as the wheel will grind satisfactorily. 

Glazed and Loaded Grinding Wheels. — The wheels used 

for machine grinding not only require truing but " re-sharpening," 
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when they will not cut eflfectively, owing to glazing and loading; 
this re-sharpening is done by removing the dull cutting points 
or grains of abrasive, a diamond tool generally being used. The 
difiference between a glazed and loaded wheel is as follows: 
The cutting face of a loaded wheel has particles of the metal 
being groimd adhering to it, the openings or pores of the wheel- 
face having been filled up with metal, thus preventing the wheel 
from cutting freely. A glazed wheel is one having cutting 
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Fig. I. Position of Diamond Tool for Truing Face of Grinding Wheel 

particles that have become dull, or worn down even with the 
bond, the bond being so hard that it does not allow the dulled 
cutting particles to be torn out of the wheel. Continued work 
with a wheel that glazes increases the smoothness of the wheel- 
face and decreases its cutting capacity. 

On cylindrical grinding, loading may be caused by using a 
wheel of too hard a bond and running it too slowly. It may also 
be caused by taking cuts that are too deep. When a hard wheel 
is revolved at too slow a speed with plenty of power, the grains 
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withstand the excessive cuts without breaking away, and thus 
pick up the metal. The remedy for loading is to increase the 
speed of the wheel or use a softer wheel. Glazing takes place 
when a wheel is too hard or revolves at too fast a speed. The 
remedy for glazing is to decrease the speed or use a softer wheel. 
Loading and glazing of the wheel makes excessive truing neces- 
sary and this, of course, means greater wheel wear. For truing 
a hard wheel, a sharper diamond is used than for truing a softer 
wheel. The reason for this is that a sharp diamond leaves 
the surface of the hard wheel with more clearance, and, conse- 
quently, this surface will cut for a greater length of time. In- 
creasing the work speed also makes a wheel of hard bond or 
one having a tendency to glaze cut more freely. 

Selecting Diamonds for Wheel Truing. — For the truing 
and sharpening of wheels used on grinding machines, the most 
satisfactory tool to use is the diamond. Carbon, carborundimi, 
alundum blocks, etc., are used, to some extent, to remove a 
glazed surface, but for truing, the diamond is the most satis- 
factory. The diamonds generally used in tools for truing 
grinding wheels are of two kinds, the carbon or black diamond 
and bort. The black diamond rarely has any visible crystalli- 
zation; its color varies, but it is often of a dark purple brown. 
The bort is a semi-transparent stone or an imperfect "brilliant." 
It is not as hard as the black diamond and is also considerably 
lower in price. For truing soft wheels, bort can be used, but, 
as a general rule, the black diamond is cheaper in the end. 

One prominent manufacturer states that, in his experience, 
the Brazilian bort or brownstone, sometimes called South African 
"premiers," is the best for truing grinding wheels. These stones 
are considerably cheaper than the black diamond. For in- 
stance, a brown diamond can be purchased for fifteen dollars, 
equal in size and weight to a black diamond costing between 
seventy and seventy-five dollars. In selecting the diamond, 
care should be taken to see that no seams appear, as such stones 
are liable to crack along the seams. The smooth "skin" stone is 
the one most likely to prove satisfactory. The more points a stone 
has, the better it is adapted to the truing of grinding wheels. 



252 WHEEL TRUING 

Setting Wheel-truing Diamonds. ^ In order to present the 
diamond to the work, it is necessary that it be held in a holder. 
Copper, brass, or soft steel rods are generally used, and the 
diamond is either held in its seat by peening over the end of 
the bar or pouring in melted spelter. In holding diamonds by 
means of spelter, the latter should be poured into the hole first, 
before the diamond is inserted. If the diamond is inserted 
and the spelter then poured in, it is difficult to get the spelter 
to go to the bottom of the diamond and hold it rigidly. The 
best method is to first drill the hole slightly deeper than the 
extreme height of the diamond and of a size that will admit the 
diamond freely. Then the hole should be closed in just enough 
to make it out of round. The spelter is then poured into the 
hole, filling it completely, and the diamond, held in a pair of 
tweezers, is inserted into the liquid spelter in the hole. After 
the spelter has cooled, the end of the rod, in which the diamond 
is located, can be shaped in the customary manner. 

Another method, which is quicker and which is also in general 
use, is to drill a hole in a piece of soft steel slightly larger and 
deeper than the diamond. The diamond is then inserted and 
the end of the rod peened over, entirely covering the diamond. 
The peening is done with a small flat-headed chisel, or a set, 
and should be done carefully, to avoid breaking the diamond. 
As the result of peening, the diamond is covered entirely by the 
metal and this is partly removed by grinding, exposing the 
diamond point. Copper rods are also used for holding diamonds 
which are retained by peening. 

Still another method of setting a black diamond, which differs 
slightly from that just described, is as follows: First, a hole 
is drilled in the end of a f-inch soft steel rod just large enough 
to admit the diamond. The diamond is then placed in the 
hole, with the largest end at the bottom, and the metal is peened 
around sufficiently to hold the diamond in place. The diamond 
with the holder is then heated to a white welding heat, and, 
by means of light blows with a small hammer, the metal is 
closed in around the diamond. The end of the holder is then 
ground away imtil the diamond touches the wheel. 
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Methods of Truing Grinding Wheels, — On modem cylin- 
drical and surface grinding machines, a relatively coarse-grain, 
soft-bond wheel is commonly used for removing the greater 
part of the material (especially in commercial grinding), and 
this wheel is usually of so coarse a grain that it will not produce 
a fine enough finish when the wheel-face is sharp, as for rough- 
grinding. For finishing, the method adopted is as follows: 
After removing most of the material, leaving sufficient for finish- 
ing, the face of the wheel is trued with a diamond that does 
not have a very sharp point, but, preferably, has a rounded or 




ifacMnery 






Fig. a. Common Method of Tming Face and Sideg of Grinding Whed 

rather dull point. By traversing this diamond slowly past the 
face of the wheel, a surface is produced on the wheel which is 
smooth and, at the same time, true. This surface is a temporary 
one on a coarse wheel; by carefully feeding the wheel in for 
the finishing cut, so as not to disturb the surface, a fine finish 
is secured. The quality of the finish on the work depends 
largely on the quality of the surface of the wheel. When a 
second piece is to be rough-ground, the wheel is fed in rapidly, 
taking a heavy cut, and the smooth surface entirely disappears. 
The method of truing a hard-bond, fine-grain wheel is just 
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the reverse from that described. Instead of using a diamond 
having a blunt rounded point, it is necessary to have a sharp 
point, in order tliat the surface may be roughed up. Water 
must flow on the diamond continually, and, instead of a very 
slow traverse of the diamond past the wheel, the diamond is 
traversed rapidly, taking light cuts. For accurate cylindrical 
grinding, all other factors being considered, the most profitable 
wheel to use is often the one which requires frequent truii^. 

Angular Position of Diamond Tool. — In truing the average 
grinding wheel, and especially when using a comparatively hard- 
bond wheel on a cylindrical grinding machine, it is necessary" 



to maintain new cutUng facets or points on the diamond to 
present to the grinding wheel. In order to do this, it is necessary 
to present the diamond point at a certain angle to the face of 
the wheel. The diagram, Fig. i, illustrates a standard diamond 
truing tool being applied to a grinding wheel. In this case, it will 
be noticed that the diamond holder is held at such an angle to 
the face of the grinding wheel that, by continuing the line repre- 
senting the axis of the diamond holder, it coincides with an arc 
of from I to I J inch radius scribed from the center of the wheel- 
spindle. By holding the diamond in this position, it is possi- 
ble to secure the new cutting facets. For truing soft-bond 
wheels, it is sometimes advisable to use a diamond that has a 
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rounded point, as previously mentioned, and, in tliis case, the 
diamond need not be presented at an angle but can be held 
in a horizontal position. 

Types of Wheel-truing Fixtures. — Fig. a shows a common 
method of applying a diamond tool to the face and sides of the 
grinding wheel. At ^ is shown the method of applying the 
diamond tool for truing the face of the wheel. A diamond 
holder a is held on the footstock of the grinding machine and 
carries a rod 6 which is clamped in position by means of lever c. 
The rod or exten^on holder b, in turn, carries a diamond holder d. 



To apply this type of wheel-truing device to the side of the 
wheel, it is necessary to insert an additional holding rod e, 
which occupies the same position as the diamond holder at A. 
Grinding wheels are trued on the side when it is necessary to 
face a shoulder. Where the opposite side of the wheel to that 
shown in the illustration is to be trued, the wheel is moved over, 
and the position of diamond holder d is reversed in holder e. 
Fig. 3 shows the wheel-truing device illustrated in Fig. 2 
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bdng applied to the face of the grinding whed. The diamond 
holder is held dose up to the diamond, in order that the holder 
be retained rigidly, to prevent chatter and chipping of the dia- 
mond point. In applying the diamond, where an ordinary 
finish is desired on the face of the wheel, usually, the power feed 
is thrown in to traverse the diamond in front of the wheel. 

With some of the wheel-truing devices on the market, it is 
necessary to change the position or location of the wheel in 
relation to the woi^, in order to true its face. This necessi- 



tates re-setting each time the wheel is trued. A wheel-truing 
device which overcomes this objectionable feature is illustrated 
in Fig. 4. The cast-iron bracket A is held to the front of the 
table of a Norton plain grinding machine. The method of 
clamping is simple, there being a small shoe B, hinged in the lower 
portion of the bracket, and against which an adjustable clamping 
bolt C rests. This device is effective in holding the bracket 
rigidly in position. The diamond holder D is held in the front 
end of the bracket by a set-screw, as shown. This device is 
used when there is no work between the centers. 
When first setting up the machine, the diamond point is 
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located so that it trues the wheel in such a position in relation 
to the centers that the work,, when placed on the centers, is 
ground to practically the required diameter. The setting of 
the diamond is not changed after this, and, as the wheel is 
worn down by frequent truing, its relation to the centers is 
approximately maintained. In this way, very little adjustment 
of the wheel slide is necessary, which reduces the time usually 
spent in truing the wheel. In order to take care of small and 
large diameter work, brackets A are made in several lengths, 
so that it is not necessary to have the diamond holder project 
too far from the bracket, which would be objectionable. 




Another wheel-truing device is shown in Fig. 5 applied to a 
Laudis crankshaft grinder. The holder A has an elongated 
slot fitting the body of a set-saew that clamps it to the face of 
the steadyrest casting. With this device, it is not necessary 
to remove the work from the centers to true the face of the 
wheel. In use, the diamond holder A is released and the latter 
pushed in between the throws of the crankshaft; the wheel 
slide is then traversed to true the face of the wheel. After 
truing, the set-screw is released and holder A pulled back out of 
the way. This device has proved very effective in quickly 
truing the wheel on a Landis crankshaft grinding machine. 
A wheel-truing fixture which is somewhat like the one just 
described is shown in Fig. 6; the two views illustrate its appli- 
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cation in connection with work of small and large diameter. 
This was also designed for the Landis machines. 

Multiple Diameter Wheel-truing Attachment. — The appli- 
cation of wide face grinding wheels to the production of shoulder 
shafts, or other multiple diameter work,, has resulted in the 
use of attachments either for accurately locating the wheel or 
truing the face of the wheel to different diameters. When the 
sum of the lengths of all the diameters to be groimd is less than 
the width of the wheel, it is most economical to true several 
diameters along the wheel-face. The work is then ground 
in the ordinary manner 
by simply feeding the 
wheel str^ght in without 
any lateral traverse. If 
the (Mfference in size be- 
tween the various diam- 
eters is small, it is not 
economical to produce 
these different shoulders 
in the rough-turning 
operation; the part should 
be turned straight and 
the wheel formed to pro- 
duce the slight diameter 
variations. This imposes 
a little more work on 

Vig. 7. Special Indei-crank appUsA to Norton er>tnf> nnrt^ nf t'hf whfpl 
M.chiiBi (or Truing Diffi?«rt DUmMBr. ^°™*^ P^"^ °^ "^^ Wneei, 

on wii8«i-f«ce and more frequent truing 

will be fequired, but this usually is cheaper than producing the 
small differences in the diameter by turning. 

When various portions of a shaft are of such length that 
the entire face of the wheel does not cover them, the work must 
be traversed and means must be employed for acciu'ately locat- 
ing the wheel for each diameter. An attachment for doing 
this is shown in Fig. 7. This device is attached to the regular 
index-crank of a Norton plain grinding machine. It has a metal 
ring, in which a dovetailed slot has been turned, and in which 
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blocks A are held by means of screws. These are located 
around the periphery of the ring in the desired position. By 
numbering or lettering these blocks and correspondingly num- 
bering or lettering the working drawings, the operator can 
readily determine just how far in to move the wheel for grind- 
ing the various diameters. 

In order to true the wheel, so as to grind two different diame- 
ters at one setting, the procedure to follow is to first true the 
wheel straight across the face with the first block resting against 
a stop-arm on the machine. Then the ring should be turned 



Fig. 8. Radius Whool-tnilng Davlcftlor CyUndricftl Griiidiii( Michinsi 

around until the second block rests against the stop-arm, thus 
advancing the wheel toward the (Uamond a certain predeter- 
mined amoimt If now the diamond is traversed along the 
wheel-face for the required distance, part of the wheel-face will 
be reduced in diameter; therefore, if the wheel is brought 
straight in on the work, it will produce two diameters, the 
larger of these being made by the smaller diameter on the wheel. 
Another form of multiple diameter wheel-truing device con- 
sists of a block which is bored out to fit over the front end of 
the footstock to which it is clamped. The top face of this block 
has a dovetail groove to receive a second block which carries 
two separate diamond holders. These holders are adjusted 
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by means of graduated collar screws, so that movements of 
O.OOI inch can be obtained. In use, this wheel-truing device 
is brought over in contact with the face of the grinding wheel, 
and then a stop on the front of the machine is set and the table 
traversed back and forth until the wheel is trued. The rela- 
tive positions of the diamond points regulate the diameters to 
which the wheel is trued. 

Radius Wheel-truing Devices. — In grinding certain classes 
of work, it is necessary to form a fillet near a shoulder, and 
some type of radius wheel-truing device is used. Fig. 8 shows 



Fig. g. Anothsr Dencn of Radina W]i«el-tnilii( DbtIcb 

a simple but effective device which can be used either for truing 
the radius on the wheel or for truing the wheel parallel with the 
axis. Bracket A is clamped to the footstock center by means 
of a clamping screw B and also has a projecting arm for fasten- 
ing it to stud C. The radius wheel-truing fixture proper conasts 
of a bracket D capable of swiveling in the seat provided in the 
lower end of bracket A. Bracket D carries the diamond holder 
E, that is held in place by a set-screw, as shown. It is also 
provided with a slot in which a plug F fits. 

In using this device, for producing a radius, thumb-screw 
G is released and plug F pulled back. This allows a free swinging 
movement of bracket D and, by gripping holder E, the operator 
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can true a radius on the wheel. To true the face parallel with 
the grinding machine centers, plug F is pushed in, thumb-screw G 
tightened, and then the table traversed, moving the diamond 
point across the wheel-face. 

The radius wheel-truing device shown in Fig. 9 differs from 
that shown in Fig. 8 chiefly in the method of damping it to the 
machine and in the manner in which the diamond holder is 
held and rotated. Bracket A is clamped to the grinding machine 
table by a clamping lever B. The lower part of bracket A 
carries the diamond-holder bracket C in the manner illustrated. 



Fig. 10. Badina Wheel-tniiiic Device tor Intenul Grinding Hachlne 

This bracket can be swung by operatmg lever D when it is 
necessary to true a radius on the wheel. For parallel truing 
of the grinding wheel-face, plug E is pushed in and fits in a hole 
provided in bracket C, holding the bracket rigidly in position. 
The diamond is held in the holder F, the external diameter 
of which is threaded to receive a nut used for adjusting 
purposes. 

Radius Truing Device for Internal Grinding Wheel. — A 
simple device for truing wheels for internal grinding on a Heald 
internal grinding machine is shown in Fig. 10. Bracket A is 
provided with a locating key and is held to the yoke B by means 
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of a clamping bolt and nut C. The diamond holder proper is 
held in a bracket D that is free to swivel on the base wheaplug E 
is lifted up. When this plug is pushed down, the device can 
be used for truing the wheel parallel with the axis .of the spindle. 
The diamond is held in a holder F, the rear portion of which is 
threaded, enabling it to be adjusted by turning knob G, in order 
to true the wheel to various radii. 

Radius Truing Device for Surface Grinders. — An interesting 
wheel-truing device for use on the Norton surface grinding 
machine is shown in Fig. 11. The main bracket A has two 



Fig. It. Skdiu* Wtieal-tniiiic Dtrica for Snifaca Giindin^ Machina 

extension members, one of which acts as a fulcnun point for 
the wheel-truing holder B, whereas, the other extension holds 
a plug C for adapting this device for truing the wheel straight. 
The diamond holder D is held in bracket 5 and is adjustably 
mounted. In using this device, to true a radius on the comer 
of a wheel, thmnb-screw E is released and plug C pulled down. 
This allows a free oscillating movement of holder B. When a 
straight face is to be trued on the wheel, plug C is pushed up 
until it contacts with a hole in bracket B, then screw E is tight- 
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coed, and the wheelhead traversed, in order to true the wheel 
parallel with the axis of the wheel-spindle. 

Wheel Truing on Cylinder Grinding Machines. — When 
grinding cylinders for automobile engines, etc., it is necessary 
that the grinding wheel be kept in good condition, which requires 
frequent truing of the wheel. The two small diamond tools 
shown at A and B in Fig. 12 do this work satisfactorily. The 
front of the work-holding fixture carries two brackets which 
hold split bushings that are acted upon by set-screws. Screwed 
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into these bushings are the two threaded diamond holders 
carrying a diamond at their points. With the tools mounted 
in this way, it is possible to true the wheel quickly, after taking 
the roughing cuts from each cylinder bore, thereby obtaining 
a good siurface on the wheel for hnishing. 

Angular Wheel-truing Devices. — Fig. 13 shows an angular 
wheel-truing device for truing the wheel on a plain cylindrical 
grinding machine to a bevel shape, or, in this case, to an angle 
of 36 degrees with the axis of the grinding wheel. The fixture 
is of comparatively simple design. The bracket A is fastened 
to the table of the grinding machine by clamps B and C. Bracket 
A carries a slide D in which the diamond holder is mounted. 
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This slide is operated longitudinally by means of a rack and 
pinion, receiving motion from handle E. This fixture can only 
be used for truing the angular surface; for truing the straight 
portion on the wheel, an ordinary wheel-truing device is used. 

A double-angle wheel-truing device, for use in forming a 
wheel for making a cone-shaped ball race, is shown in Fig. 14. 
The base A is machined to fit a bracket B that can be adjusted 
by screw C The operating mechanism of this device includes 
an eccentric bolt D which passes down through block B and 



is prevented from pulling out by a pin fitting in a groove in the 
lower end. Opposite the eccentric portion of this pin are lo- 
cated two sUdes E and F, carrying the diamond holders G and H. 
The rear ends of these shdes are curved slightly, to conform 
to the cam, and are kept back in contact with it by means of 
two coil springs /, only one of which is shown in the illustration. 
The method of operating the fixture is to swing handle J in 
one direction, say, to the left, thus forcing out the slide carrying 
diamond holder G, which travels along the angular face of the 
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wheel until handle 3 strikes stop K. The handle is then swung 
in the opposite direction and the other diamond holder comes 
into play. Screw C is operated to bring both diamond holders 
into the correct working position relative to the wheel. The 
diamond holders, which are provided with a thread and are 
screwed into the slides, are set by means of a gage of the same 
shape and size as the work. They are then clamped in position 
by set-screws L. 



Fig. I 

Truing Formed Grinding Wheels. — For some classes of 
work, it is necessary that a wide face wheel be trued to an irreg- 
ular form. To do this, it is necessary to use a device in which 
the form is controlled by means of a cam, former plate, or other 
mechanism of a similar nature. Fig. 15 shows a truing attach- 
ment of this type applied to a Norton plain grinding machine, 
whereas, Fig. 16 shows it removed and partly dismantled. 
There is a former plate A (which, in this case, is plain), a dia- 
mond holder or plate B, and a diamond tool C. Plate B is 
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held on pivots D and is kept in contact with the cam by means 
of coil springs F. Cam A is held in a carriage or slide G that is 
traversed laterally by means of a screw to which handwbeel H 
is attached. By rotating this handwheel, the carriage carrying 
cam A is traversed and the face on the cam, which may be of 
any desired form, imparts an in-and-out movement to plate B 
carrying the diamond. The entire device is clamped on the 
table of the grinding macbioe. 

Another attachment for truing formed wheels is shown in 
Fig. 17. It is clamped to the front of the grinding machine bed. 



n<. 17, AnotBM AHachinent tor Truing Panned Wheel* 

and at the top of the bracket is fitted a slide A, operated by 
handwheel B. Upon the face of this slide, nearest the grinding 
wheel, is pivoted an angular arm C that supports the diamond D 
at its lower end. Under the end of the upper arm is a spiral 
spring that keeps the diamond normally back from the wheel, 
A plate former E, clamped to the bottom face of the bracket, is 
shaped to agree with the form to be given the wheel. Located 
at the lower extremity of the arm and behind the diamond is 
mounted a roll F that bears constantly against form E. When 
the diamond slide is reciprocated, by turning the handwheel, 
the diamond is made to traverse a path conforming with the 
cam that guides it. 
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Diamond Holder for Surface Grinder. — In applying a dia- 
mond holder to a wlieel lield on a surface grinder, the holder 
should, when pos^ble, be held on the table under the wheel 
and not up at the side of the wheel in the same horizontal plane 
as the wheel-spindle. Holding the diamond-truing device on 
the table reduces the tendency to chatter, and it is much'more 
easily applied. Fig. i8 shows a simple diajnond holder for 
use on a Heald piston ring grinding machine. There is a plate 
A in which the diamond holder B is retained, plate A being 



held on the magnetic chuck. The diamond is used by traversing 
the wheel over it, the work-table remaining stationary. 

Truing Attachment for Surface Grinder. — The wheel-truing 
device shown in Fig. 19 is held on the wheel guard or hood. 
Slide A, which holds diamond holder B, is adjusted up and 
down along the face of slide C by means of screw D. Slide C, 
in tiun, is moved along the gibbed slide on bracket E by means 
of handle F. The screw to which handle F is attached is of 
coarse pitch, enabling slide C to be traversed rapidly. The 
vertical screw D is of fine pitch, enabling accurate adjustment 
of the diamond to be made. With this attachment, it is un- 
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necessary to remove the wheel-truing device, in order to grind 
the work. 

Wheel-tniing Device for Crowning Pullers. — The attach- 
ment shown in Fig. 20 is used chiefly for truing the face of a 
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grindii^ wheel that is used for crowning pulleys by feeding 
straight in to the work,. Bracket A is fastened to the grinding 



machine table by clamp handle B, and carries an adjustable 
slide C in which the diamond holder is mounted. Slide C is 
held on bracket D clamped to bracket A and is free to swivel 
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when the clamping bolt is released. The boss on bracket D 
is graduated so that the required amount of inclination of the 
slide, in relation to the axis of the wheel-spindle, can be obtained. 



Fig. it. Fixture tat Truing Face of Wheel to Irreguler Form 



Fig. 13. Fixture mnetnited in Fig. 3i pwfl; ditmuUed 

The degree to which the wheel-truing slide is tilted determines 
the amount of concavity on the wheel-face, which, of course, 
governs the h^ght of the crown on the pulley, Shde C, carrying 
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the diamond, is moved back and forth by means of a rack and 
pinion operated by handwheel E. 

Truing Formed Wheel on Surface Grinder. — Figs, 21 and 22 
show a wheel-truing device that is used on a Norton surface 



Sldas of Giiadloc Wheel 

grinding machine for truing the face of the wheel either to 
straight or irregular form, depending on the shape of the guiding 
cam used. Bracket A is held to the table of the machine. On 
top of this bracket is fitted a slide B which carries cam C; this 
cam operates plate D carrying diamond holder E. Slide B is 



272 WHEEL TRUING 

Operated by arm F which is attached to the wheel slide and 
moves with it. As slide B is traversed, cam C moves plate D 
up and down, thus raising and lowering the diamond in accord- 
ance with the shape of the cam. By simply changing the 
shape of the cam, this same device can be used for trmng the 
wheel to various shapes. 

Truing Wheel for Grinding Spline Shafts. — An interesting 
attachment used on a Bath multiple key-shaft grinding machine, 
for truing both the curved and beveled surfaces of the grinding 
wheel, is shown in Figs. 23 and 24. This attachment consists 



of a bracket A, fastened to the grinding machine table, and 
carries three diamond holders, one of which is used for truing 
the radius, as shown in Fig. 23, and the other two for truing the 
bevel on the sides, as shown in Fig. 24, Referring to Fig. 23, 
it will be seen that the spindle B carries a diamond holder C, 
which is set to give the desired radius by means of an adjusting 
screw. Spindle B is then rotated by means of lever D, and, 
in this way, the curved surface on the face of the grinding wheel 
is formed. 

For truing the angular surfaces on the wheel, two separate 
holders E and F are used, as shown in Fig. 24. These holders 
carry separate diamond tools G and H which are adjusted by 
means of a screw and lock-nut. These two holders are operated 
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independently and alternately by means of handle I and a 
spindle carrying a cam. The holders are kept in contact with 
the cam by means of springs, and as the handle is moved in 
opposite directions, it operates the diamond holders. In this 
way, both sides of the wheel are trued in proper relation to each 
other. 

The device for setting these diamond tools is shown in Fig. 25. 
Part K fits over the dovetail slide on top of the fixture and 
is clamped in place by bolt L. A plug gage Jf , provided with 
two diameters, is used for setting the diamond points. Diamond 
holder C is so adjusted that the point is in contact with the 
smallest diameter of the plug, whereas, the diamond holder G 
(the one on the other side) is placed in contact with the largest 
diameter of the plug. With this device, it is possible to obtain 
a very accurate setting of the diamonds. 

There is a large variety of devices and attachments used for 
truing grinding wheels for various purposes, but those referred 
to in the foregoing represent typical designs and illustrate 
principles of comparatively wide application. Practically every 
device shown can, with slight modifications, be adapted to a 
considerable range of work. 



CHAPTER DC 
METHODS OF HOLDING WORK FOR GRINDING 

The correct method of holding work for grindmg is governed 
largely by the nature of the work, its shape, the type of machine 
used, and other requirements, such as accuracy, production, 
etc. The methods employed in different plants on various 
classes of work are so diversified that it is only possible to de- 
scribe and illustrate a few of the more common types of work- 
holding devices. In designing a work-holding device for a 
part that is to be ground, there are a number of points which 
should be considered. 

For the average line of work, the conditions that are met 
with may be summed up as follows: 

1. Shape of work; whether hollow, provided with centers, 
or *' blind" on one end. 

2. Location of surface to be ground; whether concentric as 
in long, plain shafts, or eccentric as in crankshafts and camshafts. 

3. Slendemess of such parts as bushings, sleeves, etc. 

4. Relation of ground surfaces to previously finished parts. 

5. Convenience of operation as regards accessibility for re- 
moving or clamping the work. 

6. Accuracy and production required. Aside from the nature 
of the work, this last point is usually the most important. 

Holding Work on Centers. — The common method of hold- 
ing and driving work while grinding it externally, when centers 
are provided, is shown in Fig. i ; this is the well-known method 
used on plain or universal cylindrical grinding machines. The 
shape of the machine center is sometimes varied according to 
conditions. The common plain 60-degree center is shown at 
A J Fig. 2; the center at B is partially cut away to clear the wheel 
and permit work of small diameter to be ground. Another 

method of reducing the body of the center for holding small 
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work is shown at C, whereas, a center for supporting tubing or 
work having a large hole in the end is illustrated at D. The 
center shown at E is used to support work not having a center 
but a pointed or conical end. 
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Tic. 3. DUFarent Foimi of Canters for Cylindrical Orindlni Machina* 

When the work has a center in one end only, and a large hole 
in the other, like a gas engine piston, it can be held as shown in 
Fig. 3. A plate A is fitted into the hole in the open end of the 
piston and a pin B passes through the wrist-pin hole and rod D. 
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When the wrist-pin hole has been previously bored and reamed 
in aUgnment and at right-angles to the axis of the piston, the 
pin B should be a good fit in the wrist-pin hole, but, if the 
latter has not been finished in this way, previous to grinding, 
pin B should be a loose fit, as illustrated. The piston is held 
against plate A by nut C which draws pin B against the wrist- 
pin hole and damps the piston rigidly. The arbor is driven 
by a pin E which engages the driving pin in the faceplate of 
the grinding machine. 

Another method of holding work on centers is shown in Fig. 4. 
One end of the work is centered and the other slotted, and the 
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Fig. 3. Method of Holding a Gas Bngine Piston for Bxtenisl Grinding 

requirements are that the axis of the shank or body of the work 
be at right angles to the center of the pin hole. In order to 
locate this part accurately, a close-fitting pin A' is inserted into 
the hole. The headstock center B has a V-slot to engage pin A 
and is made to fit the slot in the work. This type of center, 
in addition to holding the work central, also drives it. 

A method of holding a one-throw crankshaft, for grinding 
the crankpin, is shown in Fig. 5. Many fijctures have been 
designed for work of this class; the device illustrated is of very 
simple construction but not as effective as the fi^ctures ordinarily 
used where crankshaft grinding is done regularly (see Chapter X). 
The work is held by two blocks which are fitted to the ends of 
the crankshaft and retained by set-screws. As it is necessary 
to align the blocks with the crank before clamping, the ends 
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are made square, so that they can rest on a surface plate; then 
the crankshaft and blocks are squared up from the surface plate 
with an ordinary machinist's square. Other work of an eccen- 
tric nature may be held in a similar manner, the type of fixture 
used depending on the exact fprm of the work. 
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Fig. 4. Method of Holding a Part haying a Slotted End 

Holding Work on Solid Mandrels. — A common method of 
holding work on a mandrel is shown at ^ in Fig. 6; in this case, 
the part to be ground is an ordinary plain bushing. A bushing 
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Fig. 5. Simple Method of Holding and Driving a One-throw 
Crankshaft when Grinding the Cranlqiin 

that is to be held in this way, especially if thin, should be damped 
endwise while being ground internally, as explained in Chapter 
III (see paragraph. Holding Work for Internal Grinding). 
Mandrels of this kind should never have the work driven tightly 
on them and they should have a taper of about from 0.002 to 
0.005 inch to the inch. At B is shown a common method of 
holding a taper bushing. 
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Fig. 7 shows a simple but effective mandrel for holding a 
ball-race cup. This is a difficult piece to hold properly, and 
the method shown is very effective. The mandrel consists of a 
central stud A, hardened and ground, and threaded to receive 
the knurled bushing B. This bushing is also hardened and is 
ground internally as well as on those surfaces which come into 
contact with the ball-race cup. The cup is held in position by 
turning sleeve B, so that it forces the cup against split washer C, 
which is hardened and groimd on the sides. The mandrel is 
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Fig. 6. Use of Solid Mandrels for Grinding Bushings 

driven by pin D and the driving pin on the faceplate of the 
machine. 

End-clamping Mandrels for Bushings. — The grinding of 
bushings having thin walls is sometimes quite difficult; if these 
have been hardened, the hole is usually distorted and cannot 
be depended upon as an accurate surface from which to locate 
the work for grinding the external diameter. The hollow piston 
pin shown on a special mandrel in Fig. 8 illustrates this point. 
This piston pin is made from Shelby tubing having a ^^-inch 
wall; it is carbonized 0.030 inch deep and hardened. In the 
carbonizing and hardening, the tubing is considerably distorted, 
and to place it on a soUd mandrel, to grind the external diam- 
eter, would mean that it would only bear on the high points 
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and would be distorted. The mandrel used for holding this 
pin has a central mandrel A, which carries two sleeves B and C 
as well as two cone-ended work -supports D and E, these being 
backed up by open-wound springs F and G. The work is 




Fig. 7- SpecUl Hudittl tat Holdlns B«n R«ce Cup while Giind- 
ini Bxtmul Dtamater ConcanDic with Racawa; and SquarB with 
Intide Face 

merely located by sleeves D and E and is clamped from the 
ends by sleeves B, C, and nut H. 

Two or three of these mandrels are made up at one time, so 
that while one piece is being ground in the machine, the operator 
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can be loading another. To insert the work on the mandrel, 
nut H is removed and sleeves C and E withdrawn ; sleeve E has 
a pin fitting in a slot in sleeve C, so that the spring cannot 
force it oif the mandrel when the sleeve is removed. The work 
is placed on the mandrel and is centered by the end of the sta- 
tionary sleeve D as well as by pin I. Then sleeve C is re- 
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placed and nut H tightened sufficiently to hold the work in 
position. - 

In Fig, 9 is shown another "floating" or end-clamping man- 
drel that differs slightly from the one previously described. 
This mandrel has a hardened and ground center bar A and a 
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bushing cup B is pinned to it. Cup B is counterbored to re- 
ceive the spring-controlled cone-sleeve C that is held in place 
by fillister-head screws E. The bushing is centered by cone- 
sleeve C, and sleeve F holds it tightly against the bustling cup B. 
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The mandrel is provided with a slotted washer G and nut E. 
To remove the work, nut E is released and washer G withdrawn, 
enabling sleeve F and the work to be removed. 

Expanding Type of Mandrel. — When grinding a ball bearing 
race externally, it should be located from the inner bearing 
surface for the balls. The expanding mandrel, therefore, is the 
only type to use. Fig. lo shows a special mandrel designed for 
this purpose. The tapered rod A has three segment work sup- 
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ports B which are prevented from turning on the arbor by pins 
that engage slots in the arbor. These segments are held to- 
gether by two "bracelet" coil springs C and D that completely 
surroxmd them. To place the work on the mandrel, the three 
segments are drawn down to the smallest end, the work slipped 
over them, and then the segments are pushed back, causing them 
to expand and grip the work. 

An important point in connection with this mandrel is the 
amoimt of taper given to it. The first mandrel that was used 
had an included taper of 15 degrees — about 3 J inches to the 
foot. It was found when this mandrel was used that it was 
impossible to hold the work square with the axis of the mandrel. 
Because of the steep taper, a slight tilting action was given to 




Fig. zz. Mandrel for Holding a Transmission Yoke 



the segments, making it impossible to hold the work accurately. 
Another mandrel was made, having a taper of ij inch to the 
foot, which was found to work satisfactorily; it held the work 
much more rigidly and accurately than the former mandrel. 

Mandrel for a Transmission Yoke. — The transmission yoke 
A, Fig. II, is split or slotted at one end and the other end has a 
tapered hole. The requirements are that the external diameter 
be groimd true with the tapered hole. The bearing surface a 
and tapered hole b are ground prior to this operation. This 
gives two points from which the work can be accurately located 
for grinding the external diameter. The mandrel has a hard- 
ened and ground rod B and a flattened bushing C ground to 
fit accurately in the previously ground bearing a. This bushing 
supports the yoke. In order to prevent the work from springing 
outward, a ring D is clamped to the end by bolts, which fit into 
previously tapped holes. This prevents any outward or in- 
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ward springing of the yoke while it is being ground. The 
work is held for driving by the tapered portion on the mandrel 
which fits into the tapered hole b. 

Special Fixture for Conical Work. — The part ^ to be 
ground (see Fig. 12) is a cone for a fan shaft and the operation 
consists in grinding the conical surface. The work-holding 
fbcture is an old type Landis center grinder which has been 
changed to suit the requirements. The regular spindle was 
removed and substituted by a special draw-in spindle E operated, 
for holding the work, by an open-wound spring B. The front 
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end of the spindle is slotted and carries a removable split washer. 
To remove the work from the fixture, lever C, fulcrumed in 
special bracket D, is forced forward carrying with it spindle E 
and compressing spring B, thus allowing the washer and work 
to be removed. Previous to the use of this fixture, the cones 
were ground in a special machine fitted up for the purpose. 
The fixture was then used and production was increased from 
800 to 1200 pieces in nine hours. 

Work-holding Devices for Internal Grinding. — A common 
method of holding work to grind it internally, especially if the 
part to be ground is cylindrical in shape, is to grip it in a four- 
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or three-jaw chuck, as shown at A and B in Fig. 13. The jaws 
of the chuck are sometimes formed to suit the shape of the work, 
and are generally groimd after the chuck is placed on the ma- 
chine, to get the required accuracy. The four-jaw chuck is 
not as frequently used as the three-jaw chuck, because three 
points of support, especially for rough surfaces, is better than 
four. For holding thin wall bushings, the ordinary chuck is 
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not recommended, because of the liability of springing the work 
out of shape in clamping. 

For holding comparatively small work, the draw-in type of 
collet shown at C is used. This is limited, to a certain extent, 
to the holding of plain work, although, with slight modifications, 
this type of chuck may be equipped with segment-shaped remov- 
able clamping jaws. Another method of holding work of the 
bushing type is shown at D. This is an air-operated chuck. 
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The jaws a are operated through levers b which receive the 
necessary movement from plunger c connecting with the air 
cylinder. Jaws a can be adjusted independently by screws d 
to cover a considerable range of diameter. Air chucks can be 
used successfully on plain work that is stiff enough to stand 
the necessary damping pressure without being sprung out of 
shape. One advantage of the air chuck over other mechanical 
gripping devices is that the pressure is constant. 

End-clami^ng Chucks. — The external diameter of the thin 
bushing A , Fig. 14, is ground first by using a mandrel of the type 
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shown in Fig. 9; then the work is held for grinding the internal 
diameter in a chuck of the type shown in Fig. 14 to prevent 
distortion. The bushing is slipped into a close fitting hole B. 
The body of the chuck is fastened to the faceplate C which is 
screwed onto the nose of the internal grinding machine spindle. 
The other members of the fixture consist of two toe clamps D, 
draw-bar E, and yoke F. Draw-bar E passes completely through 
the machine spindle and, being attached to yoke F, operates the 
toe clamps D that hold the work in place. None of the parts 
extend so as to interfere with the operation of the chuck or to 
cause accidents. In order to remove or replace the work ^n the 
fixture, the draw-bar is first released, then the toe clamps are 
swung away from the stop-pins G, the finished work removed, 
a rough piece inserted, after which the toe clamps are swung 
back to the stop-pins and the draw-bar tightened. 
The drive shaft yoke, shown in Fig. 15, is another example 
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of work that it is difficult to hold without distortioD due to 
clamping. Yoke A has previously been ground on the outside 
while held on an arbor similar to that shown in Fig. 11; for 
grinding the internal diameter, it is held in a close fitting end- 
clamping chuck which does not exert pressure on the external 
diameter. The chuck consists of casting B screwed onto the 
nose of the machine spindle and carrying two toe clamps C 
tied together by yoke D and operated by draw-in bolt E passing 
through the spindle of the machine. In order to protect the 
workman, brass guard F is fitted over the chuck, so that the 
nuts on the ends of the toe clamps are not ea^Josed. The forward 
end of this chuck is ground true with the machine spindle and 
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to a good fit for the external ground surface on the work; the 
latter is held rigidly without subjecting it to any objectionable 
damping strains. 

Methods of Chucking Gears for Grinding. — The problem 
of holding gears accurately is a difficult one, especially if they 
have been hardened. The chief trouble is experienced in making 
provision for possible inaccuracies that are caused by warping in 
hardening. The following methods are in commercial use: 

1. Holding the gear by the outside diameter or tops of the 
teeth. 

2. U^g rolls between the teeth — sometimes called the 
"pitch-line control method." 

3. Using jaws of special shape which make contact with the 
gear at the bottom of the tooth spaces — a method known as 
"root control." 
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The first method cannot be used with success when the gears 
are to run at high speeds, because of the possible lack of concen- 
tricity between the hole and the outer surfaces of the teeth. 
The second method, while requiring the use of a more expensive 
chuck, is much more satisfactory than the first, provided the 
spacing of the teeth has not been affected by hardening, and 
the rolls are uniform in diameter and are supported by a truly 
concentric surface. A slight variation in the width of the tooth 
spaces, however, makes a considerable difference in the relative 
positions of the rolls, owing to the acute angle made by the tooth 
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Fig. z6. Pitch-line Control Type of Chuck for Holding Spur Gears 

surfaces near the pitch-line where the rolls bear. This has 
been considered, by some manufacturers, a serious objection 
to this method. For the average line of work, the third method is 
recommended. The jaws of the chuck engage the bottom of 
the tooth spaces, so that inaccuracies of spacing, .due to harden- 
ing the teeth, do not affect the accurate holding of the gear; 
furthermore, it is a very simple matter to maintain the accuracy 
of the jaws by simply truing the contact points whenever neces- 
sary. This does away with the continual truing of each gear. 
In the following examples will be shown different methods of 
holding both spur and bevel gears. 

Chucks for Holding Spur Gears. — When grinding the holes 
in spur gears, it is essential that the hole be true and concentric 
with the pitch circle of the gear teeth. One type of chuck 



CHUCKS FOR SPUR GEARS 287 

designed to locate a gear with reference to the pitch circle is 
shown in Fig. 16. The fixture, which is screwed onto the spindle 
of a Heald internal grinding machine, has a cast-iron body A 
and a brass clamping sleeve B. Sleeve B is keyed to body A 
so th&t it can be drawn back and forth. This sleeve is operated 
by means of haudwheel C having a projection which is threaded 
into sleeve B. The handwheel is held on the chuck by means 
of brass retaining ring D, and in order to eliminate friction, 
ball bearing E is interposed between the chuck and the hand- 
wheel. Sleeve B carries the tapered, cast-iron filler ring F 
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that is held to it by means of fillister-head screws. This oper- 
ates the hardened steel, split clamping ring G, inside of which 
is located retaining ring B carrying nine rolls /. These rolls / 
grip the gear teeth at the pitch circle. As handwheel C is oper- 
ated, it draws in split sleeve G, closing the pins down on the 
teeth, thus holding the gear rigidly and accurately in position 
while the hole is being ground. Parts F, G, H, and / have to 
be made special for each size of gear handled. 

An interesting chuck for holding a double spur gear is shown 
in Fig. 17. The construction of this chuck differs from the 
one previously described, chiefly in the method of clamping. 
A special faceplate A is screwed onto the nose of the spindle, to 
which is clamped the chuck housing B. Instead of locating 
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the work from the pitch circle, the gears are held by the external 
diameters by cone-shaped split bushings C and D, which are 
tightened by means of the spanner wrench E. In order to get 
at the rear cone C with the wrench, the fixture is cut away, as 
illustrated. The end of the gear rests against hardened sted 
pin F. This method of holding a spur gear cannot be con^d- 
ered as accurate as holding it from the pitch circle, but where the 
gear has been carefully made, fairly accurate results can be 
secured. When the chuck is replaced on the machine, it is 
trued up with an indicator, the finished surfaces indicated being 
provided for this purpose. 



Fif. i8. Chuck for Holdinc BeTd Gem 
Holding Bevel Gears for Grinding. — There is a diversity of 
opinion among users of grinding machines regarding the most 
desirable method of holding bevel gears and pinions for grinding. 
A device which has proved successful in one shop is not always 
regarded favorably in another. One important point about 
which a difference of opinion exists is the shape of the rolls used 
in chucks of the pitch-line control type. Some gear manufac- 
turers claim that cylindrical rolls are just as satisfactory as 
tapered roUs. The Heald Machine Co. has given the problem 
of chucking gears for grinding considerable study and has de- 
signed several types of chucks, which will be described. 

It is the experience of this company that the rolls for chucking 
bevel gears should be tapering, because they make contact with 
curved surfaces, the elements of which converge at a common van- 
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ishing point. This company has also found that gear manufac- 
turers using cylindrical rolls have used them exclusively on gears 
having a face width that is small in proportion to the diameter 
of the gear, as, for example, ring gears used in automobile trans- 
missions. In such cases, the error is not very pronounced, but 
on miter gears, especially when the face width is from one-quarter 
to one-fifth the gear diameter, there is a decided tendency for 
the gear to rock on a cylindrical roll at the center of the face of 
the gear tooth. 




A satisfactory method of calculating the diameter and taper 
on the roll is to make the diameter at the large end sufficient 
to bring the surface of the roll about ^ inch above the outside 
diameter of the gear teeth. The taper on the roll should be 
such as would cause it, if extended, to converge at the apex P 
of the pitch cone, as shown in Fig. 19. In making the rolls, 
the taper can be tested by inserting the rolls between the teeth 
oa opposite ades of the gear, thus forming a temporary gage. 
The best method of holding the rolls, after they have been 
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properly made, will be considered in the following in connection 
with various designs. 

One type of chuck for holding bevel pinions is shown in F^. 
18 and 19. Fig. 18 shows the chuck in use on a Heald internal 
grinding machine. The gear is held by three sets of tapered 
rolls arranged in pairs. The faceplate A is screwed onto the 
grinding machine spindle B. Secured to faceplate A by screws, 
as shown, is a second plate C recessed to a suitable angle to 
receive gear D and rolls E. The rolls are retained in triangular- 
shaped plates F by cap-screws that hold the plates and rolls 
firmly to the plate C and also prevent dirt from getting under 
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the rolls. The rolls are held so as to permit a slight movement, 
in order that they can adjust themselves with relation to the 
gear teeth. The gear D is held in place by a yoke G and a 
thumb-screw. This yoke exerts a pressiu:e in a line paralld 
with the axis of the gear and assists in forcing the gear back to 
a concentric location. 

Another type of chuck for holding a bevel pinion provided 
with a long shank or stem is shown in Fig. 20. In this case, 
the fixture A, which is fastened to faceplate B, has extension 
arras C that carry the clamping strap D. Gear E is 8jJ inches 
long, over-all, and the hole ground is 6j inches long by af inches 
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in diameter. The clamping strap D carries bushing F in which 
the centering plug G fits to locate the shank of the pinion when 
it is being clamped in position. The gear is centered at the 
inner end from the pitch-line of the teeth by means of three 
balls H held in place by screws. The inner end of bushing F 
is chamfered to properly center the shank of the gear. In con- 
nection with this fixtiure, there is a device for truing the internal 
grinding wheel. The diamond holder / is held in a projection 
on the clamping plate i> by a knurled-head screw. In truing 
the wheel, the work-spindle is stopped, the diamond brought 
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down into contact with the wheel, and then the wheel slide is 
traversed back and forth until the wheel has been trued. 

The chuck shown in Fig. 21 illustrates another method of 
locating and holding bevel pinions for grinding. This chuck 
is somewhat like the one shown in Figs. 18 and 19, although 
the tapered pins, for locating the pinion from the pitch circle 
of the teeth, are arranged differently. In this case, six tapered 
pins C are held in chuck A by screws. This method of fastening 
the rolls can be used, in this case, because of the coarse pitch 
of the gear teeth. There are six rolls but three would have 
been sufficient. The gear D is held in place by clamping strap E 
which carries two hardened pins that come into contact with 
the rear face of the gear. 
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When the bevel pinion to be ground is of comparatively 
small size, the Heald standard type of diaw-in collet, shown 
in Fig. 32, can be used. The cast-iron cap A is screwed onto 





the nose of the machine spindle and receives the tapered ring B. 
The draw-in rod is screwed into a flange-shaped draw-bar D 
that is pinned to ring B, as shown; the latter is prevented from 
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turning independently of cap ^4 by a WoodruflF key E. The 
gear F is held in place by three jaws G, fastened to ring B 
by screws, as shown. Jaws G are provided with small projec- 
tions which extend over the outside of the gear, as shown at Hy 
and prevent it from sliding out as the jaws are closed; hence, 
by simply opening and closing the jaws, the gear is clamped and 
released, without the aid of straps or yokes. An objection 
to this device is that if the teeth of the jaws do not have an even 
bearing on the bottom of the tooth spaces, the gear may not 
be held accurately. 




Fig. 24. Fixture for Holding Gas Engine Pistons while Grinding Wrist- 
pin Holes 

One of the many fixtures used by automobile manufacturers 
for holding bevel ring gears while grinding the hole and the 
back face, when necessary, is shown in Fig. 23. Faceplate A 
IS recessed to receive ring gear B of the same size and shape as 
the one to be ground. About three-quarters of the inner points 
of the teeth on this ring gear, which is left soft, are cut away, 
so as to leave three places containing three or four teeth each. 
The gear to be groimd is clamped against this "gear chuck" by 
three toe clamps C, as illustrated. This device is self-centering, 
it only being necessary to place the gear so that the teeth will 
fit those teeth on the other gear which have not been cut away. 
The gear teeth that are in mesh also form a positive drive, and 
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the holdiog mechanism simply keeps the geai in contact with 
the master gear or chuck. 

Fixture for Gas Engine Pistons. — The wrist-4>in holes in 
the pistons used in the H. H. Franklin Mfg. Co.'s automobile 
motors are provided with bronze bushii^ which are ground 
true aiter they have been forced in. The grinding is done in a 
Heald internal giinding machine provided with the special 
fixture shown in Fig. 24. The fixture proper A is fastened to 
the faceplate B located on the machine spindle by two clamping 
blocks C, only one of which is shown. These blocks are adjusted 
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SO that the wrist-pin hole of the piston is in alignment with the 
axis of the work-kindle. The hole in part A is ground accu- 
rately and is a good fit for the external diameter of the piston. 
Located at the bottom of this hole is a spring-operated plate D 
that holds the piston up against the top plate £ fastened to the 
swinging clamping plate F. 

The method of locating the piston in the fixture is as follows: 
After the piston is put in, plug gage G is used to locate it from 
the previously reamed hole in the bushing. Clamping arm F 
is then swung down and thumb-nut H on the swinging bolt 
tightened. Should the spring pressure on the bottom plate 
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not be sufficient, screw / is adjusted; this screw bears against 
plate /, which forms a backing-up member for the spring K 
that operates the sleeve carrying plate D. When the piston is 
properly clamped, the plug gage is removed and the grinding 
is done. The wrist-pin hole is located with reference to the 
open end of the piston. The chief requirement is to grind the 
hole accurately at right angles to the axis of the piston, and this 
fixture satisfactorily solves the problem. 

Indexing Work-holding Fixture. — Fig. 25 shows an indexing 
work-holding fixture applied to a Heald internal grinding ma- 
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Fig. a6. Fixture for Holding Twenty-eight Bushings on a Rotary 

Surface Grinder 

chine. The work being ground is an air piunp cylinder in 
which four holes, li inch long by f inch in diameter, must be 
ground. The slide B is held in place on the faceplate A by two 
guide-bars C. The piunp cylinder casting D is held to the sliding 
or adjustable member B by clamps E and clamping screws. 
To locate each hole in line with the work-spindle, clamps E 
are released and slide B moved along until plug F, which is 
previously placed in the hole it is intended to grind, locates 
the casting properly by fitting in an aligning hole in the fixture. 
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The fixture is counterbalanced by means of plate G; in order 
to keep as perfect a balance as possible, the casting is reversed 
end for end, after grinding two holes. 

Fixture for Rotary Surface Grinder. — A fixture for holding 
sleeves while grinding the tops of the flanges in a rotary surface 
grinder is shown in Fig. 26. This fixture is clamped to the 
table of the machine and carries twenty-eight bushings which 
are ground at one time. The method of holding the bushings 
is shown diagrammatically in the center of the illustration. 
The clamping is done by levers A fastened to clamping bolts 
B which pass through the rim of the fixture and operate plates C 



to which the clamping members proper are attached. When 
clamping levers A are pushed down, cam surfaces come into 
contact with hardened cams held in plates C. Two bushings 
are clamped by each pin D; these pins fit in counterbored re- 
cesses in the fixture and are kept out from contact with the 
sleeves by means of coil springs E. This mechanism is very 
eEFective in damping the work and can be quickly operated. 

Fixture for Roller Bearing Rolls. — Many interesting fixtures 
have been devised for holding work on the vertical surface 
grinder, to act as an auxiliary holding device in connection with 
the magnetic chuck. One of these devices, used on the Blan- 
chard machine for holding roller bearing rolls, is shown in Fig. 27. 
There is a base A to which are clamped two rows of s 
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blocks B. The rolls, both ends of which are to be ground, are 
clamped in V-shaped recesses in the sides of the blocks by the 
clamps shown, each clamp holding two rolls in place. Two 
fixtures of this type are provided, so that when the machine 
is grinding one end of a lot of forty rolls, the other fixture is 
bemg loaded, thus keeping the machine in practically continuous 
operation. Measurements are taken with the direct-reading 
micrometer shown in Fig, 18, Chapter V. 

Magnetic Chucks. — Magnetic chucks are unexcelled (or 
holding a large number of small parts at one time for grinding 
and are also adapted for a wide range of work. They are made 
in a variety of sizes and shapes, the form depending upon the 
type of grinding machine and the shape of the work. The use 
of magnetic chucks for internal grinding is limited somewhat; 
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their greatest field of usefulness is on surface grinding machines 
of the reciprocating and rotary types. Magnetic chucks are 
easily and quickly operated and make it possible to obtain a 
greater degree of accuracy, in many cases, than could be ob- 
tained by the clamp-and-bolt method of clamping. 

RectanguUr Magnetic Chucks. — The method of holding 
work to the table of a surface grinder depends, of course, more 
or less on the shape of the part to be ground. Ordinary clamps 
and bolts are sometimes used, but, where electric power is 
available, magnetic chucks are preferable for most work. The 
magnetic chuck is a special form of electromagnet which is 
connected by wires and a control switch with an electric power 
circuit. The top surface, against which the work is held, has 
a series of positive and negative holes which are separated by 
an Insulating material. When in use, the chuck is clamped 
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onto the table of the grinder, and the work is held by magnetic 
force when the current is turned on. 

A rectangular magnetic chuck is illustrated in Fig. 28. This 
is the form used on surface grinders of the reciprocating t)^e. 
The control switch is located at D, and the work is held against 
surface A, which has a number of positive and negative poles. 
There is a thin steel aligning strip B attached to the rear side of 
the chuck and also a vertically adjustable back-rest C which 
is used to support parts that are high in proportion to their 
width. In addition, there is an end-stop E having vertical ad- 
justment. The work to be ground is simply laid on the chuck 
face, against end-stop E and the back-rest C. The slotted 
fingers F, which are provided on this particular chuck, are also 
used, in some cases, to stay the work edgewise and prevent it from 
shifting. Magnetic chucks are sometimes used on planers, as well 
as surface grinders, in which case, fingers F are of especial value. 

This chuck is equipped with a duplex switch, which enables 
the chuck face to be demagnetized, so that work can easily be 
removed after the grinding operation. This demagnetizing is 
accomplished by simply reversing the current through the 
chuck coils, momentarily, until the residual magnetism is re- 
moved. In order to do this, the switch is opened and moved 
until the switch bars are nearly in contact with the posts at the 
opposite end of the switch. The handle is then gripped tightly, 
with the tips of the fingers, and the bars are quickly moved in 
and out of contact with the posts. This movement, when timed 
correctly, will remove the magnetism left by the previous charge. 
When demagnetizing, if the contact should be for too long a 
period, the chuck will simply become oppositely charged, and, 
in such a case, it can be discharged again by making quick 
contact with the posts on the opposite side. It should be men- 
tioned that this switch does not demagnetize the work itself. 
This is necessary, however, for certain classes of work, because 
some materials become more or less permanently magnetized 
and this causes them to attract small particles, which is some* 
times quite objectionable. When the work must be demag- 
netized, a special apparatus called a demagnetizer is used. 
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The way the back-rest C is used is illustrated by the diagrams 
A and 5, Fig. 29, which represent end views of the chuck. The 
operation is that of grinding a true rectangular block w. While 
the sides are being ground, the block is held as indicated at A, 
The edges are then ground square with the sides by holding 
the block against the aligning strip and back-rest, as shown 
at B. Sketch C shows how a number of strips are held on the 
chuck and ground simultaneously. When parts are arranged 
in this way, it is sometimes advisable to place magnetic insu- 
lating strips of brass or paste-board between them, so that the 
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Fig. 29. End Views iUustrating DlfFerent Methods of Holding Work 

on Magnetic Chuck 

magnetism will get an independent grip on each piece and hold 
it firmly against the face of the chuck. 

Sketch D shows how a piece is sometimes held for grinding 
the sides square to each other. Two of the sides, as at a and 6, 
are first ground by holding the work directly against the face 
of the magnetic chuck. One of these finished sides, as at h, is 
then held against the vertical surface of an accurately finished 
square block e, while the upper side is ground. The lower 
side, instead of resting directly on the chuck face, is placed 
upon a piece of drill rod to reduce the contact area. In this 
way, the work is held more securely against block e than against 
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the chuck face, because the holding power depends upon the area 
of the surface in contact with the magnetized part. If the side 4 
were in direct contact with the chuck face, side 6 might not be 
held evenly against block e, in which case, the work would not 
be ground square. In this instance, the work is further se- 
cured by a block on the right side, which is separated by drill 
rod to reduce the contact area. 

Magnetic chucks are made in many different styles and shapes. 
Some are so arranged that the damping face can be set at any 
angle for taper grinding and others have faces that are vertical. 



Ks- 30. Heald Rotwr HasneUc Chuck on IntenMl Oiinding HmUim 

There is also the rotary type and other special designs. The 
rotary form is used when a continuous rotary movement is 
required, instead of a reciprocating motion. 

Magnetic Chucks for Internal Grinding. — Fig. 30 shows a 
Heald rotary magnetic chuck being used for holding a two-step 
pulley A when grinding the hole. The pulley is held directly 
to the face of the chuck by the magnetbm and is prevented 
from shifting, and also held central, by means of retaining 
ring B. It has been found that the "grip" of the chuck is 
sufficient to enable quite heavy cuts to be taken with an internal 
grinding wheel, and the rapidity with which the work can be 
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removed and placed on the chuck makes this method especially 
advantageous for certain classes of work. M^netic chucks 
are applied to internal grinders for many other operations but 



Fig. 31. HMld n-lnch Rotar; Hagoetic Cbock 

the one illustrated is sufficient to show the general method of 
using them. 

Rotary Magnetic Chucks. — The Heald rotary magnetic 
chuck shown in Fig. 31 is a design intended for surface grinding 
machines which operate with a rotary movement. The body A 



302 METHODS OF HOLDING WORK 

is made from soft steel of high magnetic permeability, and the 
pole pieces are located dose together, so that the chuck will 
hold smaller pieces with greater security. The chuck is so 
wired that the pull at any point from the center to the circum- 
ference does not vary more than 5 per cent. The faceplate B 
is held in position by brass screws from the under side, thus 
eliminating all screwholes on the face of the chuck. The 
non-magnetic material is comparatively narrow, in proportion 
to the width of the poles, and is held in tapered grooves. The 
body of the chuck has projections C cast integral with it, which 
receive the coils D and convey the magnetism to the pole pieces 
E in the faceplate of the chuck. The pole pieces are insulated 
from the remainder of the faceplate by means of a non-magnetic 
metal or insulation F. The faceplate B is also insulated from 



ng. 33. Half-aecUon of Blandurd Rotair Hkcnetic Chuck 

the main body of the chuck by a ring G of non-magnetic metal. 
The current is delivered to a set of brushes which contact with 
two rings H and / of conducting material. These rings are 
insulated from the body of the chuck by a non-magneric ring. 
As to the current consumed, a i2-inch rotary chuck requires 
only 0.6 ampere of current, and an 8-inch rotary chuck 0.4 
ampere. These chucks may be used on a direct-current circuit 
of either no or 220 volts. 

A half-sectional view of a rotary magnetic chuck, that differs 
somewhat in construction from the one illustrated in Fig. 31, 
is shown in Fig. 32. This type of chuck is used on the Blanchard 
vertical surface grinder and is of the "fine divided piole" type. 
The poles are all formed on a single steel forging A which makes 



IdAGNETIC CHUCKS 303 

the working face of the chuck water-tight and rigid. Only 
four coils are used, but each coil energizes four ring poles which 
are so closely spaced that a piece of work of the size of a nickel 
would touch two poles, no matter where it is placed on the 
working face of the chuck. The sixteen ring poles of the chuck 
are also concentric. The four magnets B are nested one inside 
of the other, the shell of one magnet serving as the core of the 
next magnet on the outside. The chuck body has four large 
concentric grooves machined in one side to receive the coils, 
while the opposite face of the forging has fifteen small grooves 
machined in it to receive the brass strips which divide the face 
of the chuck into sixteen ring-shaped poles. These grooves in 
the face of the chuck are -f^ inch wide by f inch deep and are 
filled with strip brass which is driven tightly into place. A 
safety flange is provided at the circumference of the chuck to 
prevent water from reaching the joint between the chuck body 
and the bottom plate. The terminals of this chuck are con- 
nected with either a direct-current circuit of no or 220 volts. 
In holding work on magnetic chucks, it becomes magnetized, 
and a de-magnetizer is used to remove the residual magnetism. 



CHAPTER X 
CRANKSHAFT AND CAMSHAFT GRINDING 

The modem method of finishing crankshaft bearings is by 
grinding. The bearings may either be rough-turned in a lathe, 
equipped for this purpose, and then be finished by grinding, or 
they may be ground directly from the rough drop forging. 
The practice in different shops varies; ordinarily, whether or 
not crankshafts are rough-turned prior to grinding depends 
upon their size and the amount of stock to be removed. When 
crankshafts, for automobile motors, etc., are finished directly 
from the rough by grinding, it is common practice to do the 
rough-grinding and finish-grinding in separate machines, espe- 
cially when shafts are required in large quantities. In some 
cases, the rough-grinding machines remove } inch, or more, 
from the pin diameter, reducing it to within 0.015 to 0.025 inch 
of the finished size. It is the practice, in some shops, to rough- 
turn only the line or main bearings of the crankshaft prior to 
grinding, the pins being ground from the rough. 

When there is a preliminary turning operation, the total 
time required for machining may be considerably reduced, 
first, by using a turning machine that is especially adapted to 
this work; and second, by taking coarse roughing cuts. The 
rough surfaces left by the turning tool may readily be finished 
by the powerful machines and high-grade grinding wheels which 
are now available. Naturally, the grinding of the crankpins 
is the most important part of the operation. A common method 
of finishing the pins is to use a wheel that is equal in width to 
the width of the bearing, so that the entire pin can be finished 
by feeding the wheel straight in, and without a traversing move- 
ment. This is the usual method of grinding the type of crank- 
shaft commonly used in automobile motors. 

Landis Crank Grinding Machine. — A machine, designed 
especially for grinding crankshafts of the type used in motors 
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for automobiles, launches, etc., is shown in Fig. i. This machine 
may be used for either single-throw or multiple-throw crank- 
shafts. The work, instead of being held upon off-set centers, 
is gripped at either end in special clamping holders. The 
crankshaft is driven from both ends, the headstock and foot- 
stock being connected by means of the driving shaft seen extend- 
ing along the front of the machine. The work-carrying Extures 
are provided with two independent rotary adjustments. One 
is an eccentric movement, which enables the machine to be 
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used for grinding crankshafts of different throw, whereas, the 
other adjustment is for locating the different pins in alignment 
with the axes of the headstock and footstock spindles. A 
detail view of the work-carrying heads is shown in Fig, 2. The 
end of the crankshaft is rigidly clamped in bearing A which 
has a hinged cap that is held down on the shaft by a pivoted 
bolt on one side. By turning plate B to different positions, 
the distance between the center of the bearing and the axis of 
rotation is varied, in accordance with the throw of the crank 
to be ground". The portion of a crankpin, when located for 
grinding, is indicated by the dotted line D. When grinding a 
multiple-throw crankshaft, the different pins are rotated around 
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to the central position, by turning index plate C. This plate has 
twelve notches which are 30 degrees apart, and it is accurately 
located by plunger E, which engages whatever notch may be 
required to aUgn the pins. The necessary weights for counter- 
balancing the fixture are bolted to the faceplate at F. 

For grinding a great many crankshafts of one throw, some 
Landis machines have heads of the fixed-throw type. These 
heads may be used for single- or double-throw crankshafts and 
are particularly adapted for crankshafts having a flange. The 
cranks are fixed in position by means of a locating pin which 
enters a hole in the flange. The hole is drilled centrally with 
the pins and is ultimately used in clamping the flywheel to the 



crankshaft. For grinding crankshafts of different throws, 
special fixtures are required in each case. This machine is 
intended more particularly for grinding large quantities of 
duplicate crankshafts. 

Locating Wheel in Alignment with Crankpins. — When crank- 
pins are ground by using a wide wheel, which is fed straight in 
until the pin is ground to the required diameter, the machine is 
equipped with a spacing bar or attachment for quickly and ac- 
curately locating the wheel for grinding the bearings the right 
distance apart. The spacing attachment, which is appUed to 
the machine shown in Fig. i, is illustrated in Fig. 3. A bar is 
attached to the rear side of the bed which has notches spaced 
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to correspond to the respective positions of the bearings. These 
notches are engaged by a plunger which is operated from the 
front of the machine by means of the lever shown. 

The spacing bar of the Norton crankshaft grinder is bolted 
to the front of the machine table, as illustrated in Fig. 4. This 
bar also contains notches corresponding to the difEerent bearings, 
and it is engaged by a plunger or index-pin held in a bracket 
attached to the bed of the machine. The illustration shows 
how a crankpin bearing is ground. The wheel is fed straight in 
and grinds the entire bearing surface. The pin being ground 
is supported by a special form of steadyrest. The comers of 
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the wheel are rounded, for grinding the fillets, by a radial truing 
device. After one pin is ground, the spacing-bar plunger is 
withdrawn, and the wheel located opposite the next bearing. 
Obviously, these spacing attachments make it possible to grind 
duplicate crankshafts accurately, so far as a distance between 
the bearings is concerned. 

Methods of Grinding Crankshafts. — In the grinding of 
crankshafts, the successive order of the operations naturally 
depends somewhat upon the type or design of the crankshaft, 
and, to a certain extent, upon the methods used in machining 
it. A general idea of the methods of procedure, however, may 
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be obtained from the following descriptions, covering the practice 
in three prominent automobile plants. 

One manufacturer, specializing on camshafts and crank- 
shafts exclusively, finishes crankshafts, of the type shown at A 
in. Fig, 5, as follows: On a four-throw crankshaft, the first 
operation consists in centering, facing the webs of the cranks, 
and rough-turning the line bearings to within about 0.025 i°^ 
of the final diameter. In the first grinding operation, the 
central main bearing is rough-ground; then the two end bearings 
are ground, leaving from about 0.005 ^ 0.007 ^^ ^°^ finishing. 



Fif. 4. Grinding ■ Cruikiluft in ■ HortoB Uulilne 

Upon the completion of the line bearings, the four crankpins 
are next ground from the rough forging, starting with the center 
one and working on both sides from the center. For grinding 
the crankpins, the work, of course, is held in an eccentric fixture, 
as previously described. On one particular size of crankshaft, 
a wheel 24 inches in diameter and a inches wide is used. For 
the grinding of a 0.35 per cent carbon steel, forged crankshaft, 
which is heat-treated, the wheel is rotated at 900 R.P.M. (5600 
feet surface speed), whereas, for grinding chrome-nickel steel 
crankshafts, the speed of the wheel is reduced to 80c R.P.M. 
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(5000 feet surface speed). The work is rotated at 90 R.P.M. 
{35 feet surface speed) when grinding forged crankshafts either 
of plain carbon steel, chrome-nickel or chrome-vanadium steel. 
Wheels found to give good results on chrome-nickel steel forg- 
ings are, Norton alundum, grain 36 and grades to R, for 
roughing, and 50 or 24 combination, grades L or M, for finish- 
ing. For grinding crankshafts made from 0.35 per cent carbon 
steel, heat-treated, a Norton alundum wheel, grain 36, grades O 
to R, is used for rougliing, and, for finishing, 50 or 24 combina- 
tion, grades L or M. 




Kg. 5. Cranksliafti for AntomobQe Motori 

As a rule, sixty line bearings are turned out for each truing 
of the wheel for roughing, and seventy-five for finishing. The 
J-inch radius on the wheel is formed by hand and an operator can 
true up a new wheel in two minutes. One steadyrest is used and 
it has been found that hickory blocks for the steadyrest shoe give 
the best results for both rough- and finish-grinding of crankshafts. 
This shoe, however, when rough-grinding the crankpins, is not 
brought in contact with the work until the wheel has removed 
all the scale. To grind the work round, considerable depends on 
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the steadyrest and its manipulation. It is advisable to start 
at the central bearing and adjust the steadyrest there. In 
grinding, the steadyrest is adjusted as the wheel reduces the 
diameter of the work; for finish-grinding, the wheel is fed in 
imtil the diameter is within about 0.0025 ^^ ^^ ^^ ^^ diam- 
eter. Then the wheel is not fed in further but the steadyrest 
is adjusted to spring the work towards the wheel. This springs 
the shaft out of line, to a certain extent, but has been foimd 
advantageous in producing a crankpin which is round and 
free from chatter marks. 

Another example of crankshaft grinding is shown at B in 
Fig. 5. This particular crankshaft is made from a drop- forging 
of manganese steel and is heat-treated. The order of operations 
is to first snag the forging, then saw it to length, center, and 
straighten. Then the central bearing is "spotted" or ground 
to provide a bearing for the steadyrest on the lathe. The 
shoulders, short line bearings, and long bearing are next turned. 
The crankpins are now rough-ground, the time required being 
8 J minutes; the crankpins are then finish-groimd in 8 J minutes. 
This operation is followed by finish-grinding the line bearings, 
the time being 6 minutes. The succeeding grinding operations 
include finishing the surfaces beyond the end line bearings. 
The next operation is on a lathe and consists in cutting off and 
threading. Holes are then drilled in the centers of the crank- 
pins to roughly balance the crankshaft. The webs are then 
ground to obtain more accurate balancing. The total time, 
which includes a few minor machining operations, is 69 minutes. 
The rough-grinding operations on the crankpins are done with 
a Norton alundum wheel, grain 24, grade N, 24 inches in diame- 
ter, 2j-inch face, which is rotated at a speed of 950 R.P.M., 
giving a surface speed of about 6000 feet per minute. For 
rough-grinding, the inf eed of the wheel per revolution of the work 
is at the rate of 0.002 inch. 

The two examples previously given are those relating to the 
grinding of four-throw crankshafts. The following description 
applies to the grinding of a six-throw crankshaft and covers the 
methods followed by a prominent automobile manufacturer. 
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This crankshaft, shown at C in Fig. 5, is made from a drop- 
forging of chrome-vanadium steel, heat-treated. The first 
operation is to "spot" both ends in a grinding machine. Then 
the ends are cut off to length and the shaft re-centered. The 
third operation consists in rough-grinding the line bearings, 
starting with the central one. The time required to rough-grind 
the seven line bearings on one crankshaft is 37 minutes. The 
next operation consists in rough-turning both ends to 2 inches 
diameter, and, at the same time, facing the inside of the flange 
on a geared-head lathe. The ends of the crankshaft are then 
groimd so that they will fit the eccentric blocks used when 
grinding the crankpins. 

The eccentric blocks are then clamped on the ends of the crank- 
shaft, after which the crankpins are rough-ground, starting with 
the central pin; time, 39 minutes per shaft for the six pins. The 
holes for the oiling system are then drilled, after which the 
crankpins are finish-ground; time, 38 minutes. The eccentric 
blocks are now removed and the ends of the crankshaft rough- 
turned to size and finished for threading. The crankshaft is next 
straightened. After this, the outside of the flange is faced, 
chamfered, and the fillets turned. The seven line bearings 
are now finish-ground; time, 63 minutes. The oil groove a 
(see C, Fig. 5) is now cut, the end threaded, and two Woodruff 
keyways milled for the clutch. The finishing operations in- 
clude balancing, drilling the flywheel flange, burring, lapping the 
line bearings, and inspecting. Ordinarily, there is about \ inch 
to remove from the diameter of the crankpins and line bearings. 
These are finished direct from the rough forging without any pre- 
vious rough-turning operation. The wheel used for grinding the 
crankpins is 24 inches in diameter, 2^^-inch face, and is operated 
at a speed of 6000 feet surface speed. For rough-grinding, the 
work is rotated at 75 R.P.M. (34 feet surface speed) and, for 
finishing, about 55 R.P.M. (25 feet surface speed). The wheel 
found most suitable for this work was a Norton alundum, 24 com- 
bination grain, grade N for roughing, and grade M for finishing. 

Wheels for Crankshaft Grinding. — The wheels used for 
rough-grinding crankshafts vary considerably in grain and grade 
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from those employed for ordinary form grinding operations. 
Crankshaft grinding differs from other form grinding operations 
in that the line bearings and crankpins are not finished by one 
straight-in cut, but require rough- and finish-grinding opera- 
tions. Generally, the same wheel is not used for both rough- 
Table I. Wheels for Crankshaft Grinding 



Operation 


Grain 


Grade 


Abrasive 


Grading System 


0.25 to 0.50 Per cent Carbon Steel, Heat-treated 


Roughing 

Finishing 


24 
50 



M 


Boro-carbone/ 
Boro-carboneJ 


Abrasive Mate- 
rial Co. 


Roughing 

Finishing 


58-24 Comb. 
58-24 Comb. 


M-N 


Corundum ) 
Corundum ) 


American Emery 
Wheel Works 


Roughing 

Finishing 


24 Comb. 
24 Comb. 


M 

K 


Aloxite \ 
Aloxite J 


Carborundum 
Co. 


Roughing 

Finishing 


36 
50 or 24 Comb. 


OtoR 
LotM 


Alundtun 1 
Alundum J 


Norton Co. 


Chrome-nickel or Chrome-vanadium Steel, Heat-treated 


Roughing 

Finishing 


30 

24 Comb. 


NorO 
MotN 


Boro-carbone / 
Boro-carbone ) 


Abrasive Mate- 
rial Co. 


Roughing 

Finishing 


58-24 Comb. 
58-24 Comb. 


M-N 


Corundum } 
Corundum ) 


American Emery 
Wheel Works 


Roughing 

Finishing 


24 Comb. 
36 Comb. 


J 
K 


Aloxite \ 
Aloxite J 


Carborundum 
Co. 


Roughing 

Finishing 


36 
50 or 24 Comb. 


OtoR 
LotM 


Alundum ) 
Alundum ) 


Norton Co. 


Non. The num1 
turing process for tl 


3er 58 preceding, in sc 
le abrasive listed. 


ime cases, the grain sizes, indicates a special xnanufac- 



ing and finishing, because, when rough-grinding, a harder grade 
of wheel is required. A harder grade is used for roughing than 
for finishing because of the roughness of the dr6p-forging, the 
rapid removal of the stock in grinding, and the resulting vibration 
of the work. Table I gives the wheels recommended for crank- 
shaft grinding by the various manufacturers listed. Of course, 
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it should be understood that the wheels used depend upon 
many conditions, and no invariable rules can be given for this 
work. 

It has been found that high-carbon steel crankshafts can be 
gromid with the wheel operating at a higher surface speed than 
those made from chrome-nickel or chrome-vanadium steel. In 
one case, where the crankshaft was made from a drop-forging of 
0.35 per cent carbon steel, heat-treated, the speed found most 
suitable, when using a Norton alundum, grain 50, grade N wheel, 
was 5600 feet surface speed. On the same size of crankshaft, but 
which was made from a drop-forging of chrome-nickel steel, the 
speed found most suitable was 5000 feet surface speed. The 
wheel used was a Norton alundum, 24 combination grain, grade 
M and N. It was noticed, in making this test, that chrome- 
nickel steel has a tendency to glaze the wheel when running at 
higher speeds than 5000 feet. A variation in the carbon content 
of the steel does not afifect the speed of the wheel very much; for 
diameter variations in the pins or bearings of more than about 
i inch, it is necessary to change the speeds of the wheel and work. 

Cam Grinding. — The cams used on gas and gasoline motors, 
for operating the inlet and exhaust valves, are finished to the 
correct form by grinding. This grinding may be done in a regular 
cylindrical grinding machine by using a suitable cam-grinding 
attachment. The general method of grinding cams is by so 
mounting the cam or camshaft that, while rotating, it will be 
moved toward and from the grinding wheel by a master cam, 
the movement causing the cam to be ground to the required form 
or contour. The master cam is in engagement with a roller 
which transmits motion to the work-holding fixture, as will be 
• explained later. It is evident that cam grinding first involves 
the generation of master cams, since these must be made to suit 
each different form of cam that is ground. 

There are two general types of attachments for grinding 
cams on regular cylindrical grinders. One, which is commonly 
known as the detachable or loose cam type, is designed for grind- 
ing cams that are not attached to the camshaft; there is also 
the integral cam type that is used for grinding cams that are 
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either forged solid with the shaft or fixed to it by means of keys. 
The latter type of attachment is the one generally used. 

Detachable Cam Grinding Attachment. — Attachments for 
grinding loose cams operate on the same general principle but 
differ, somewhat, in regard to the mechanical details. The 
Landis attachment is shown in Fig. 6. This attachment may be 
applied either to a plain or universal grinding machine by amply 
clamping it to the table and engaging the driving arm A with the 
regular work-driving pin which rotates with the machine face- 
plate. This attachment operates on the swinging principle, 
the work and master cam being mounted on the same spindle 



Fig. 6. Reu view of Landlt D«taebaUe Cam Oriadln^ "*"*""rt 
which is given an oscillating movement. The master cam at C 
is held in contact by a spring with a stationary shoe plate in 
adjustable holder B. The master-cam spindle is suspended from 
bearing D, and, consequently, any rotation of the cam causes 
an oscillating movement that serves to generate a cam at E of 
the required form. The adjustment of holder £ is to compensate 
for variation in the lift of different cams. 

In order to compensate for the reduction in diameter of the 
grinding wheel as a result of wear, the shoe plates are provided 
in sets, there being one for each inch of grinding wheel diameter 
reduction. The contact surface of each plate is curved, the 
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curve, in eax^h case, representing that of the grinding wheel at 
different diameters; thus, each plate has a different radius and 
the number of plates in a set is determined by the diameter of 
the grinding wheel at its full size and the smallest diameter to 
which it can be reduced on the particular grinding machine on 
which the attachment is used. The wear of the wheel does not 
affect the length of the cam being ground, nor the diameter of 
its cylindrical portion, but it does affect the contour of the cam 
at the sides; hence, the use of different guide plates to compensate 
for wheel wear. 



Plf- T> Horton Intagnd C«m GrindinK Att«chiii«at 
Integral Cam Grinding Attachment. — A Norton attach- 
ment, for grinding cams that are forged solid with the shaft, is 
shown in Fig. 7, The camshaft is mounted between the center 
of the master-cam spindle and the center of a footstock which 
supports the outer end. Both the master-cam spindle and the 
footstock are moimted on a member which is free to oscillate. 
This osdllatjng or swinging movement is caused by the engage- 
ment of master cams B (see rear view. Fig. 8) with the roller C 
which revolves on a fixed shaft. The master cam and camshaft 
are rotated from the headstock of the machine through a driving 
arm and the gearing shown. There is one master cam for each 
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cam to be ground. These are located in correct positions, rela- 
tive to one another, so that the different cams are ground by 
simply sliding roller C from one master cam to the other. This 
roller is located opposite the different master cams by an index- 
pin which engages boles in plate A . The master cams are held 
against roller C by an encased spring E. The grinding wheel is 
fed against the work in the usual manner. Handle J on the 
attachment is used to move the work away from the wheel for 
inspecting it while grinding or when moving roller C from one 
position to another. 



Hg. 8. Raar Vlaw ol Horton Attachmant tlwwint HMter Cum 

The camshaft is supported while being ground by steadyrests 
G, the number required depending upon the length and rigidity 
of the shaft. The two general types of steadyrests used are 
the open and closed designs shown in Fig. 9. The open type A 
has the advantage of being more easily applied to the work and 
removed, and has proved satisfactory, but, when very accurate 
grinding is necessary, the closed type B is recommended. As 
will be seen, these steadyrests simply form a bearing, and they 
are generally applied to the same bearing surfaces that are used 
when the camshaft is assembled in the engine. Ordinarily, 
hardened steel work-shoes are used, although it is sometimes 
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necessary to use bronze shoes. The shoe, for the open type of 
steadyrest, should have one bearing surface opposite the grinding 
wheel and the other on the opposite side of the vertical center- 
line, to steady the shaft in the direction of the wheel rotation. 
The camshaft is rotated by a special form of dog F (see Fig. 7) 
which is located in the proper position by means of a keyway. 




Fig. 9. Open and Closed Types of Steadyrests foi Cam Giiading 



The Landis integral attachment, illustrated in Fig, 10, oper- 
ates on the swinging principle; the &xture or table carrying 
the work and master cams is supported by bearings at each end, 



Fig. 10. Landis Integral Cam Giindinc Attadiment 
which permit an oscillating movement as the master cams re- 
volve in contact with a stationary roller attached to the machine 
table. This roller is in contact with a master cam, corresponding 
in location to the cam being ground, and it is shifted along the 
table of the machine as the grinding wheel is moved from one 
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cam to another on the work. When shifting the roller, the 
table of the fixture is swung away from the wheel, by operating 
the upright lever or handle seen at the extreme right. The 
camshaft is supported by adjustable steadyrests in addition 
to centers; these steadyrests have detachable jaws which can 

Table n. Wheels for Cam Grinding 



Operation 


Grain 


Grade 


Abrasive 

• 


Gracing System 


0.35 to 0.50 Per cent Carbon Steel, Heat>treated 1 


Roughing 

Finishing 


24 
46 


P 
J 


Boro-carboneJ 
Boro-carboneJ 


Abrasive Mate- 
rial Co. 


Roughing 

Finishing 


58-16 
58-46 


OtoQ 
JotK 


Corundum ) 
Corundum ) 


American Emery 
Wheel Works 


Roughing 

Finishing 


24 
40 


I 

N 


Aloxite \ 
Aloxite ) 


Carborundum 
Co. 


Roughing 

Finishing 


24 Comb. 
38-24 to 46 


NotO 


Alundum ) 
Alundum ) 


Norton Co. 


Chrome-nickel or Chrome-vanadium Steel, Heat-treated 


Roughing 

Finishing 


24 
46 


P 

JotK 


Boro-carbone( 
Boro-carboneJ 


Abrasive Mate- 
rial Co. 


Roughing 

Finishing 


58-16 
58-46 


OotP 
J 


Corundum ) 
Corundum f 


American Emery 
Wheel Co. 


Roughing 

Finishing 


16 Comb. 
36 Comb. 


I 
K 


Aloxite ) 
Aloxite ) 


Carborundum 
Co. 


Roughing 

Finishing 


■24 Comb. 
38-24 to 46 


NotO 
I.J.K 


Alundum ) 
Alundum ) 


Norton Co. 


Note. The numl 
manufacturing proc 


bers 38 and 5S preced 
ess for the abrasive 1 


ing, in some cases, the grain sices, indicate a special 
isted. 



readily be changed for different sizes of shafts. The work 
driver may be adjusted around the spindle for locating the 
cams in the proper relation* to the keyway in the shaft. 

Wheels for Cam Grinding. — The grain and grade of wheels 
for cam grinding vary in accordance with the conditions in each 
case, the same as with other grinding operations. The material 
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to be ground, the accuracy and finish required, and whether 
the cut is roughing or finishing should be considered. The 
general practice is to use a wheel that is medium hard or a little 
softer for roughing, whereas, for finishing, the wheels are usually 
from one to three grades softer than medium. The wheels 
listed in Table II have been used for cam grinding with satis- 
factory results. 

Speeds for Grinding Wheel and Camshaft. — For cam grind- 
ing, a wheel speed of from 6000 to 6500 feet per minute is recom- 
mended. The work speed depends, as in ordinary cylindrical 
grinding, largely upon the grade of the wheel. When grinding 
cams, which are integral with the shaft, and using the alundum 
wheels listed in the foregoing table, the speed for roughing 
should vary from about 40 to 60 revolutions per minute; whereas, 
for finishing, the speed should vary from 15 to 20 revolutions 
per minute. It is desirable to determine the speeds, in each 
case, by trial. It is common practice to use higher speeds than 
those mentioned, especially when grinding with comparatively 
hard wheels, but, for accurate work, the softer wheels and slower 
speeds are recommended. 

Testing Accuracy of Cam Grinding. — A fixture for testing 
the accuracy of camshafts and model cams is shown in Fig. 11. 
This fixture indicates whether or not the cams are ground so 
as to open and close the valves at the correct time. The cam 
to be tested is placed in engagement with a plunger A which is 
connected with the dial gage shown. This plunger should 
correspond with the type of lifter to be used on the motor; 
that is, whether it is to be the roll type, the mushroom type, or 
a special design. If the roll type, the diameter of the roll on 
the testing fixture should correspond with that on the motor. 
When making a test, the camshaft is turned so that roll £ is in 
contact with the concentric part of the cam. The dial gage is 
then adjusted so that the hand stands away from the zero po- 
sition an amount equal to the clearance required. (The clear- 
ance is the distance that the lifter is moved by the cam before 
it operates the valve; the clearance ordinarily allowed varies 
from 0.006 to o.oio inch.) After setting the dial gage to rep- 
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resent the clearance, the cam is rotated so as to turn the dial 
band to the zero position. This represents the opening point 
of the valve. 

With the cam set at the opening point, the graduated wheel E 
is moved imtil pointer D is opposite the zero mark on the wheel. 
The cam and pointer are then rotated in such a direction that 
roller B moves over the concentric part of the cam. When 
the roller reaches the cam surface and the indicator hand is 
again at zero, this represents the closing point. By noting 
the number of degrees that wheel E has moved from zero position, 
and deducting this number from 360 degrees, the angle through 
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which the cam rotates, while the valve is held open, will be accu- 
rately obtained. 

The lift of the cam may be determined first, by measuring, 
with a micrometer, the over-all length or the distance from the 
highest point to the concentric surface on the opposite side, and 
then deducting the diameter of the concentric part. 

Grinding Master Cams. — The master cams, which are used 
on a cam grinding attachment, are produced by reversing the 
operation of grinding a cam. The method of generating one 
of these master cams for the Norton attachment illustrated 
in Fig. 7 is indicated by Fig. 12. A disk .4, of the same diameter 
as the regular grinding wheel, is mounted on the spindle of the 
machine and bears against the model cam which it is deared 
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to reproduce. The master cam to be ground, instead o£ being 
against a roller, is in contact with a small grinding wheel B, 
which, for finishing, is the same diameter as the roller that 
normally engages the master cams when the attachment is 
being used. This wheel B is driven by a separate belt, as the 
illustration shows. The hardened master cams are previously 
roughed out to approximately the required form and are properly 
located with reference to one another. 

As the model cam revolves in contact with disk wheel A, 
a rocking or oscillating movement is imparted to the attachment, 



ng. 13. Method 

and one of the master cams is ground by wheel B. The dog D, 
for driving the model cam, must bear exactly the same relation 
to the model cam as the regular driving dog bears to the corre- 
sponding cam on the camshaft in the cam grinding operation. 
This dog, for a four-cylinder motor, has four slots spaced 90 
degrees apart. One of these slots engages a driver, so that the 
master-cam spindle may be indexed with reference to the model 
cam for grinding the different blanks. 

A feeding-in movement for grinding is obtained by moving 
the regular wheel slide away from the operator. When starting 
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to grind, the disk A must be moved towards the operator, so as 
to force the attachment, which carries the master-cam blanks, 
to swing away from the grinding wheel far enough to allow 
starting the grinding operation. As the grinding proceeds, 
the wheelslide is gradually moved back, imtil the desired shape 
is obtained. The position is governed by the smallest master 
cam. When this has been trued, the reading of the index 
wheel is noted, and this determines the stopping point for all 
of the blanks. The number of master blanks always corresponds 
to the number of cams on the camshaft. 

A grinding wheel which has proved satisfactory for grinding 
master cams is a Norton alundum, grain 46, grade 3, elastic, with 
a |-inch face. When rough-grinding, the wheel may vary from 
zh to 4^2" inches in diameter; for finishing, however, the wheel 
diameter should be within the limit of from 3.998 inches to 
4.002 inches. The face should be carefully trued and the speed 
should be approximately 3800 revolutions per minute. 
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CHAPTER XI 
DISK GRINDING 

The disk grinding process derives its name from the fact 
that the grinding is done by a disk or "circle" of abrasive cloth 
or paper, which is cemented or glued to a steel disk-shaped 
wheel that revolves at a suitable speed, although, regular ring 
wheels are now used for many disk grinding operations. This 
method of grinding is very efficient for many classes of work 
and is employed principally for truing plane surfaces. Most 
disk grinding is done without rigidly clamping the work; the 
casting or forging is pressed against the side of the disk wheel 
while held in the hands or in a suitable fixture. Rigid clamping 
should be avoided, if possible, not only because of the time 
required but also because it is desirable to present the work to 
the wheel in such a way that it will have a free "floating" 
movement. In some cases, clamping is necessary, but when 
the work is held in a fixed position, more material, as a rule, 
must be removed, in order to produce a true surface. 

Types of Disk Grinders. — The principal types of disk 
grinders are the single-spindle type, which is the one most 
commonly used; the double-spindle machine, which is a more 
recent development; the vertical-spindle design; and the 
patternmakers' disk grinder. There is also a combination 
single- and double-spindle machine, and automatic and semi- 
automatic designs have been used to a limited extent. The 
single-spindle disk grinder (see Fig. i) has a disk wheel on each 
end of the spindle, so that two men may use the machine simul- 
taneously. The work-tables may be set at right angles to the 
disk wheel, or, at an angle greater or less than 90 degrees, when 
grinding angular work. These tables are so mounted that they 
can be given an oscillating movement for traversing the work 
across the abrasive disk or grinding wheel. 

The vertical-spindle type has a large disk wheel (see Fig. 2) 
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which revolves in a horizontal plane. In operating this machine, 
the parts to be ground are simply laid upon the revolving disk 
and are prevented from rotating with the disk by a cross bar. 
E the weight of the work is equal to three or four pounds pressure 
to the square inch of area to be finished, no additional pressure 
is required, but in case it is much less than that, the output can 
be greatly increased by putting an additional weight on top 



Fig. ] 

of the work. The illustration shows the machine grinding gas 
engine base castings, four of these castings being placed on the 
disk and ground simultaneously. This particular operation 
was simply to produce a flat even bearing surface without 
removing any unnecessary stock. The time for doing this work 
is about one minute per casting. This machine is also very 
efficient for many kinds of free-hand grinding, no effort being 
required to support the work; tests made with different classes 
of work are said to have shown very efficient results. 
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The double-spindle machine has two disk wheels, so located 
as to grind both sides of the work at the same time, as indicated 
in Fig, 3. The castings being ground, in this particular case, 
are held in a small wooden fixture, and, as the sides are only 
about -^ inch thick, each casting is filled with water before 
inserting it between the disks, to prevent excessive heating and 
distortion. The distance between the wheel-faces of a double- 
spindle machine may be varied, and, when grinding, the wheels 
may be fed against the work either by a hand lever or a foot lever. 



Machines of this type are so arranged that either one wheel 
or both may be fed inward; when feeding only one wheel, the 
other wheelhead is held in a fixed position. For rough-grinding 
work, preparatory to polishing, the double-disk machine is far 
more economical than an ordinary floor grinding machine, 
on which the work is applied to the periphery of the wheel, 
especially when grinding hexagon cast-brass or cast-iron nuts, 
the heads of bolts, wrenches, etc. 
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Methods ot Feeding Work Against Disk Wheel. — There 
are three conimoD methods of feeding the work against the disk 
wheel; namely, by hand, by means of a lever which imparts 
motion to the work table, and by gravity feed. When the 
part to be ground is simply pressed against the side of the disk 
wheel by the operator, this b usually known as "free-hand 



Fig. 3. Double-aplndle Type of Disk Orindw 
grinding" and is a method often followed when grinding castings 
or other parts which are comparatively light and have small sur- 
faces that require truing. This method is employed for smooth- 
ing, cleaning, burring, or light snagging operations on castings, 
and is very rapid for this class of work. A table is sometimes 
used when the work is fed by hand, especially if the ground sur- 
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face must be true with reference to some previously finished 
surface. For instance, when surfacing the narrow edges of small 
brass parts or castings, requiring a comparatively light pressure, 
the work is simply placed upon the table and pressed against 
the wheel by hand. Obviously, this is also a rapid method. 

For grinding operations, excepting on small surfaces and light 
work, some kind of a mechanical device for pressing the work 
against the disk wheel is essential, in order to secure efficient 
results. A common arrangement is to equip the grinder with 
a sliding work-table which is actuated by a hand lever. The 
work may be held in position by an ordinary angle-plate or 
some special form of fixture. In most cases, this fixture is so 
designed that the part to be ground is simply supported on the 
side opposite the wheel, but is not clamped in position. 

The gravity feed, previously referred to, is the natural method 
of feeding when using a disk grinder of the vertical-spindle 
type, inasmuch as the grinding wheel, in this case, revolves in a 
horizontal plane. If the part being ground is too light to give 
sufficient pressure, it is the usual practice to lay a weight upon 
it. In any case, it is seldom practicable to get a feeding pressure 
that will enable the grinding to be done as rapidly as on a hori- 
zontal-spindle disk grinder equipped with a lever feed; there- 
fore, grinding by the gravity feed requires more time. The 
vertical-spindle disk grinder, however, is especially adapted 
for grinding parts that are too large or heavy to be handled 
conveniently on a lever-feed grinder; this type of machine is 
also efficient for grinding a large number of pieces simultaneously. 

Effect of Heat Generated by Disk Grinding. -r- All disk 
grinding is done dry or without cooling water, because the latter 
would injure the abrasive disks; consequently, considerable 
heat is generated and this may distort the work to such an extent 
that unsatisfactory results are obtained, unless the proper 
method is followed. For instance, when grinding the side of a 
casting, the part next to the wheel expands more than the outer 
side, thus warping the work. Obviously, if the grinding is 
continued with the part thus distorted, the ground surface will 
not be true when the casting has cooled and contracted. For 
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this reason, it is quite common to_find parts that are groimd 
slightly concave, and, in some cases, a surface of this form may 
be a slight advantage. When a true surface is required, the 
work, after the rough surface has been removed, is allowed to 
cool, or is left until the temperature is equalized, and is then 
ground lightly; the wheel will quickly reduce the uneven or 
high spots. In some instances, it may be necessary to repeat this 
operation a few times before a satisfactory surface is obtained. 

Parts having parallel sides, both of which are to be finished, 
can be ground to advantage between the two disks of a double- 
head machine, because both surfaces are ground simultaneously 
and heated equally so that no springing or warping occurs. 
When using a single wheel, it is better to handle the work several 
times, rather than to overheat it by long-continued grinding. 
Aside from the trouble due to warping, hot metal is not groimd 
as easily as cold metal, and it also has an injurious effect upon the 
bond of the abrasive disk. Grinding parts until they become 
red hot is very bad practice. The amount of heat generated 
in grinding can be reduced by the use of sharp disks of fairly 
coarse grain. The feeding pressure should also be sufficient 
to make these coarse grains cut so that. the stock will be roughed 
off quickly. When the disk becomes dull and glazed, its cutting 
qualities can sometimes be improved by passing a grinding 
wheel dresser lightly over the surface. A stiff wire brush, such 
as is used for cleaning castings, is also used as a disk dresser 
when grinding parts of brass, aluminum, cast iron, etc. Rough- 
ing and finishing operations are necessary on many classes of 
disk grinder work, especially if extreme accuracy is required. 

Abrasives for Disk Grinding. — Many of the abrasive mate- 
rials used in grinding wheels are also employed for disk grinding. 
The abrasive is attached to cloth or paper disks, which are glued 
or cemented to the sides or faces of steel disk wheels and vary 
in diameter from lo to 30 inches for ordinary disk-grinding oper- 
ations on machines of the horizontal-spindle type. The coarse- 
ness of the grains is designated by numbers. For example, a 
No. 36 disk is one having abrasive grains that will just pass 
through a sieve having 36 meshes to the linear inch. The 
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principal grains used in modem disk grinding practice are 12, 16, 
24, 36, 46, 60, 90, and 120. The numbers generally used are 
12, 16, 24, and 36. Most disks or "circles" have cloth backs. 
Paper-back disks can be employed to advantage on many light 
"smoothing'' jobs but should not be used for a coarser grain 
than No. 24. 

The durability or life of an abrasive disk depends not only 
upon the quality of the disk but upon the kind of material 
ground with it, the general condition of the disk grinder, and 
the skill of the operator. It is very important, when grinding, 
to press the work against the wheel with a uniform but firm 
pressure. A sudden jamming of the work against the disk will 
greatly affect its life. On the other hand, too light a pressure 
tends to dull the disk and increases the time required for grinding. 
When the work is being ground, it should be rocked across the 
face of the disk for ordinary grinding operations, as this rocking 
motion distributes the wear, thus increasing the durability of 
the disk and enabling truer work to be ground. In grinding 
with stationary work-rests, the part being groimd should be 
moved back and forth on the rest while in contact with the disk. 

Selection of Abrasives for Disk Grinding. — The following 
general information, regarding the selection of abrasives for disk 
grinding different metals, is given by the Gardner Machine Co. : 
Use nothing coarser than grain No.. 16 for grinding a surface 
of less than 3 square inches area. Use nothing coarser than 
No. 16 on soft steel or brass, even if the area is large. Use 
nothing coarser than No. 24 for hardened steel, whatever the 
size of piece, and seldom use coarser than No. 24 on brass, 
unless there is a large amoimt of stock to be removed from rough 
castings. For brass, grain No. 36 is a good number, as it cuts 
fast and leaves a fairly fine finish which can easily be polished 
by buflSng or with a very fine disk. No. 46 is used considerably 
for grinding small surfaces on brass, ^nd for finish-grinding soft 
steel and cast iron, after rough-grinding with a No. 16 or No. 12 
disk. For grinding cast iron, when the area of the surface is 
more than 3 or 4 square inches, use from No. 16 to 12. It is a 
mistake to use fine numbers on cast-iron scale. If a fine surface 
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is required, it is much better and more economical to first rough- 
grind close to size and then finish with finer numbers. 

The following suggestions are given by Charles H. Besly 
& Co. as a guide in selecting grain numbers for various disk 
grinding operations: The best "circles," for general grinding, 
are grain Nos. i6 and 24. For rough grinding cast iron, mal- 
leable iron, bronze, etc., use nothing finer than grain 16 on areas 
larger than 2 square inches. On smaller areas, use nothing 
coarser than No. 24. For rough-grinding cast brass, use nothing 
coarser than No. 24, except on extremely large scaly surfaces, 
in which case, a grain as coarse as No. 16 can sometimes be used 
to advantage. Most rough-grinding on brass castings is done 
with circles or disks of No. 36 grain, as they are coarse enough 
to remove stock rapidly and fine enough to leave a finish that 
is satisfactory for many classes of work. When a fine finish 
is required on brass, circles of No. 60 grain are used extensively. 
No. 36 being used first for roughing and No. 60 for finishing. 
No. 46 circles are often satisfactory for roughing and finishing 
small brass parts in one operation. On extremely hard material, 
it is a mistake to use very coarse grains. For hardened steel, 
chilled iron, and very hard unannealed tool steel, use nothing 
coarser than No. 24. Circles of No. 36 grain are employed for 
grinding hard forging dies and casehardened valve gear parts 
in locomotive shops. 

Allowances for Disk Grinding. — The amount of stock to 'be 
removed, the area of the ground surface, and its distribution are 
important factors in disk grinding. The removal of from 0.005 
to 0.050 inch of stock will usually "clean up" a surface. The 
following figures, taken from actual practice, represent allow- 
ances used in connection with Besly disk grinders: Drop-forged 
wrenches, from 0.008 to 0.015 inch; brass hexagon nuts up to 
2 inches in diameter, 0.015 inch; larger sizes, up to 0.030 inch; 
steel punchings, from 0.005 to 0.015 i^ch; cast-iron machine 
parts, from -^ to -^ inch; cast-brass machine parts, from ^ to 
■^ inch. The amoimt of stock that can economically be re- 
moved by disk grinding depends largely upon the nature of the 
material being ground. Cast metal is more easily ground than 
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rolled or wrought material, and small thin castings are usually 
harder to grind than larger and thicker castings, owing to the 
greater density of the metal. When castings have a hard scale, 
it is often desirable to partially remove it before disk grinding. 
The hard scale is "broken up'' either by grinding on vitrified 
wheels or by tumbling, sand blasting, or pickling. The latter 
method is the best for forgings or hot rolled material that has 
considerable scale. 

Speeds for Disk Grinding. — Speeds reconmaended for disk 
grinding must necessarily be a compromise, because the speed, 
at any given point on the side of a disk wheel, depends upon 
the radius; hence, if the speed near the circimiference is correct 
for grinxling a certain class of work, the central part of the disk 

Speeds of Wheels for Disk Grinders 



Diameter of 

Disk Wheel, 

Inches 


Speed in Revolutions per Minute 


For Cast Ircm 
and Steel 


For Brass and 

for Burring and 

Finishing 


For Aluminum 
Alloys 


For Wood 
Grinding 


12 

18 
20 

23 
26 

30 


2000 
1400 
1250 

HOC 
ICXX> 

900 


2600 
1800 
1600 
1300 
1250 
1150 


3000 
2100 
1900 
1650 

1500 
1350 


1600 

IIOO 

1000 

850 

800 

750 



will be running too slowly. Therefore, it is important to consider 
the average speed. The speeds given in the table, "Speeds of 
Wheels for Disk Grinders," are recommended by Charles H. 
Besly & Co. They are given in revolutions per minute for 
disk wheels of different diameters and are based on the following 
averages: For grinding steel, cast iron, bronze, etc., an average 
abrasive speed of 5000 feet per minute; for grinding brass or 
for burring and finishing, 6500 feet per minute; for grinding 
aluminum alloy and very soft material, like artificial rubber, 
7500 feet per minute; and for grinding wood, 4000 feet per 
minute. When grinding hard metals, an excessive speed will 
dull and glaze the disks; too slow a speed for soft metals tends 
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to fill and clog the disks. Too high a speed for wood tends 
to bum the work. The Gardner Machine Co. recommends the 
following speeds, which represent velocities at three-fourths 
the radius of the disk wheel: For grinding cast iron or steel, 
from 4000 to 4500 feet per minute; for grinding brass, from 5000 
to 5500 feet per minute. A speed of 5000 feet per minute is 
given as the maximum for cast iron and steel. If the grinder 
is to be used for both steel and brass and is without means for 
changing the speed, slower speeds, ranging from 4000 to 4500 
feet per minute, are recommended. The speeds, given in the 
foregoing, represent average practice, and variations may be 
necessary for certain classes of work. 

Feeding Pressure for Disk Grinding. — The feeding pressure 
that will give the most accurate results for disk grinding depends 
upon the nature of the work, the area of the surface being ground, 
and the grade and condition of the disk. According to the 
Gardner Machine Co., a pressure of less than 10 pounds per 
square inch of ground surface is ordinarily not sufficient, if very 
much stock is to be removed. A feeding pressure of from 20 to 
30 pounds per square inch will be foimd a fair average, and 40 
pounds is practically the limit of pressure. While the life of 
an abrasive disk depends largely upon the kind of material 
being groimd, the length of time a disk will cut effectively can 
be greatly increased by proper feeding. Any sudden jamming 
of the work against the disk, either by hand or with a feed lever, 
will soon destroy its cutting qualities, whereas, too light a pres- 
sure tends to dull the disk before a sufficient number of parts 
have been ground. Charles H. Besly & Co. give the following 
information regarding feeding pressures: On most work, the 
feeding pressure for rapid rough-grinding varies as follows: 
Cast gray iron, from 60 to 80 pounds per square inch; soft 
malleable iron, from 20 to 40 pounds per square inch; yellow 
brass castings, from 20 to 30 poimds per square inch; hot rolled 
mild steel, pickled, from 25 to 50 pounds per square inch. In 
exceptional cases, a feeding pressure of 100 poimds per square 
inch of ground surface area has been used without destructive 
effect on the circle. 
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Attaching Abrasive Disks. — Before a new abrasive disk is 
applied to a disk wheel, the latter should- be clean and dry. If 
the disk wheel is greasy, it should be cleaned, before applying 
the cement, by washing in a rather strong and hot solution 
of potash or concentrated lye, rinsing with hot water. Do not 
apply the glue or cement until the wheel is dry. The disk 
wheel should remain in the press from 15 minutes to an hour, 
depending upon whether glue or cement is used. It may be left 
in the press for a much longer period, if convenient. The wheel 
should be allowed to dry thoroughly after being taken from the 
press and before using. Artificial heat should not be used for 
drying. Ordinary pattenimakers* glue is often used for attach- 
ing disks, but the special disk wheel cements, sold by disk grinder 
manufacturers, are generally considered more satisfactory. 
When hot glue is used, the steel disk* should first be warmed, 
but cement may be applied to a cold wheel. To remove worn- 
out disks or circles, immerse the wheel in water. Cold water 
can be used, but hot water will loosen the disks much quicker. 
The disks should be stored in a cool, dry place. They should 
be kept free from oil, grease, or water, and not be subjected to 
dry artificial heat, especially heat from direct steam radiation, 
as this will injure the bond, causing the cutting particles to 
shell off when in service. 

Reduction of Area to be Ground. — The efficiency of the disk 
grinding process can often be greatly increased by recessing the 
patterns for castings, so that surfaces of unnecessary width are 
avoided. This reduction of the surface often makes it feasible to 
finish parts by disk grinding that otherwise would have to be 
machined by other and slower methods, and even on small 
castings, it is economical, in many cases, to change the patterns, 
in order to reduce the width or area of joints, etc., because the 
castings can be ground much, more rapidly and there is less 
wear on the abrasive disks. What has been said regarding 
patterns also applies in principle to forged parts; that is, 
the more stock removed, the less economy, this being 
especially true in the case of harder metals, such as iron and 
steel. 
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Grinding Soft Metals. — When grinding soft metals, such as 
copper, babbitt, and aluminum, the tendency is to clog the abra- 
sive disk. This is especially true of copper and babbitt metal. 
Aluminum castings vary considerably but are generally easy 
grinding, although, in some cases, they also tend to clog the disk. 
To prevent this clogging, wax is sometimes applied to a new disk 
by rubbing it over the wheel while the latter is stationary, 
thus filling the spaces between the abrasive grains before begin- 
ning to grind. After grinding two or three minutes, or until the 
disk seems to be cutting less freely, a rather fine wire brush is 
passed lightly but firmly across the disk wheel while nmning. 
This removes the soft metal chips that have adhered to the 
waxed disk and also the loose wax. Another coating of wax is 
then appUed, while the disk is running, and the grinding opera- 
tion continued. This operation is repeated until the disk is 
worn out or the grinding completed. The removal of the wax 
and chips, by means of the brush, should not be delayed too 
long, because, in that case, small masses of soft metal will become 
imbedded in the disk and spoil its cutting qualities; it is also 
more difficult to clean a disk after it has become partly clogged 
by soft metal than it is to keep it clean by the method referred 
to. A waxed disk does not cut soft metal quite as fast as a dry 
one, but soft metal will destroy a dry disk in a comparatively 
short time. 

There are a few materials which are not readily ground by disk 
grinding. Among these may be mentioned rolled copper, lead, 
glass, and porcelain. Rolled copper is so tough that it tends to 
dislodge the abrasive from the cloth backing. While rolled 
copper has been successfully finish-ground, difficulty will be 
experienced if an attempt is made to remove much material. 
Cast copper is ground more easily than rolled copper. Glass 
heats and cracks; the disk grinder, however, has been successfully 
used for finishing the ends of glass tubes, very little stock being 
removed. Lead is so soft that it clogs and fills the interstices 
between the abrasive grains, whereas, porcelain heats and cracks. 

Rotary Disk Grinding. — The area that is in^contact with 
the grinding disk is reduced, on some classes of work, by what 
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is known as the rotary process. Fig. 4 illustrates the principle. 
The part to be ground is held by means of a magnetic chuck, 
a faceplate, or a speciaJ fixture that is mounted in bearings and 
is free to rotate. The work-table of the disk grinder is located 
so tliat the abrasive disk only makes contact with one side of 
the surface to be ground, as the illustration shows. The action 
of the grinding wheel rotates the work, so that the entire surface 
is ground as the result of the rotary motion. The rotary method 
is employed when the surfaces to be ground are large and un- 
broken and considerable stock must be removed; when the work 
is tliin and easily heated in grinding, or fragUe and easily sprung; 



Fig. 4. R0U17 Mathod of Diik Grinding 

and also, when an accurate plane surface is required. It is 
claimed that much larger surfaces can be ground successfully 
by the rotating method, because the abrasive grains zigzag in 
and out across the work and are quickly relieved of the grind- 
ings; moreover, the continiul crossing of the cuts, due to the 
rotary motion of the work, results in faster grinding and tends to 
prevent glazing of the disk. Thinner work can also be ground, 
because less heat is generated. 

The form of the rotary work-holder naturally depends upon the 
shape of the part to be ground. For pieces having rough uneven 
surfaces, it is often desirable to seat the work on three pins or 
studs, projecting from the fixture or plate. A rotary work- 
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holder should be in ninning balance when the work is in place, 
in order to reduce vibration. This balancing may be effected 
by means of counterweights. In some cases, however, little 
or no balancing is required, provided the work is properly located 
with reference to the axis of rotation. In some cases, especially 
if the work is thin and fragile, it may be difficult or impossible 
to chuck it carefully enough to obtain a perfectly fiat surface 
after the part is released from the fixture. In such cases, after 
the work has cooled, it can be given a light finishing cut without 
the use of a fixture and by simply pressing it against the side of 
the wheel or by "free-hand grinding." 

A rotary grinding attachment, which is applied to some disk 
grinders, is so arranged that the work-spindle is rotated by a 
handwheel rather than by the action of the grinding wheel, 
connection being made between the handwheel and work-spin- 
dles by worm gearing. Instead of the handwheel, a driving 
pulley is substituted, in some cases, and a motor drive is em- 
ployed. 

Ring Wheel Grinders. — Grinding wheels of the ring type 
are appUed to disk grinders for many operations, instead of 
using the regular steel disks faced with abrasive cloth. These 
ring wheels, which are held in special chucks, are especially 
adapted for operations requiring the grinding of a comparatively 
large amount of stock, or when water cooling is necessary. ,For 
instance, when grinding castings having a hard scale, a vitrified 
ring wheel should be used, because the scale is destructive to 
cloth or abrasive circles. When using the ordinary steel disk 
wheel, the entire surface of the work is usually groimd at once, 
and the part is allowed to "float'' against the grinding disk and 
is not held rigidly. When ring wheels are used, the work is 
usually held rigidly and is fed across the face of the grinding 
wheel by an oscillating movement of the work-table. The 
wheels used are bonded by the vitrified process, and carbide 
of silicon abrasives, such as carborundum, crystolon, etc., are 
ordinarily used for such metals as cast iron and brass, whereas, 
aluminum-oxide abrasives, such as alundum and aloxite, are 
used for steel or malleable iron parts. 
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The abrasive cloth disks have proved the economy of disk 
grinding a great many machine parts, as far as the time required 
for finishing is concerned, but their wider application for finishing 
work on the disk grinder has been retarded, because of the high 
cost of the abrasive cloth disks, due to the cloth, glue, emery, 
and labor that enter into their manufacture. It is claimed 
that the solid ring and disk wheels can successfully replace cloth 
disks for practically all classes of work excepting in some cases, 
operations requiring the. use of the finer grained disks from 
No. 46 up. 

The ring wheel must not be confused with a wide-faced solid 
wheel, which has a comparatively small hole through the center. 
A ring wheel is one that has a working face of from i to 4 inches. 
All work ground on these wheels must be securely fastened in a 
jig or fixture when passed across the face of the wheel, whereas, 
"floating" or applying the work free-hand to the face of the 
wheel is the method employed when a wide-faced wheel or disk 
is used. The wider faced ring wheels, with a working face of 
from 3 to 4 inches or more, are well adapted for work that is 
ground on surface grinders of the "face" or "edge" type, which 
are usually supplied with a wheel having a 2-inch working face. 

The larger sizes of single-head disk grinding machines, fitted 
with 18- or 20-inch ring wheels and having a geared lever-feed 
table, are preferable to the 24-inch edge grinder for handling 
small or medium sizes of work. 

Ring wheels are used on both the single-spindle and double- 
spindle machines. When using the double-spindle type, foot 
levers are desirable for bringing the grinding wheels in contact 
with the work, as the operator has the use of both hands for 
holding the part being groimd. The foot-lever feed is not 
recommended when steel disk wheels are used, because disk 
wheels should be fed against the work carefully, which is not 
readily done by means of a foot lever. For finishing work that 
must be ground to dose limits, it is preferable to use the double- 
spindle machine with one head locked, the feeding movement 
being confiined to the other head; there is likely to be some lost 
movement in each head and the error due to lost movement 
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is greatly reduced by holding one of the heads stationary. The 
work may easily be ground within a limit of 0.003 ^^ when this 
precaution is taken. Some double-spindle grinders are equipped 
with a sUding table attachment for grinding parts which must 
have accurate parallel sides. 

Grain and Grade of Wheels. — The grain and grade of ring 
wheels depend not only upon the kind of material to be ground 
but also upon the area of the groimd surface. For grinding 
steel or malleable iron parts, with a surface of 2 square inches 
or more to be finished, a grain 16, grade N, vitrified, alimdum 
wheel may be used. For smaller areas, which must be ground 
to within a limit of 0.003 "^di or less, a grain 20, grade P wheel 
is suitable. For securing a finer finish on steel, a 36- to 46-grain, 
alimdiun wheel of grade O or P can be used. Such wheels are 
not recommended for fast cutting; they are only suitable for 
those classes of work where a No. 46 grain cloth disk would give 
satisfactory results. 

For grinding cast iron or brass, a grain 24, grade M to H, car- 
borundum wheel may be used. A grain 24, grade M, crystolon 
wheel has given satisfactory results on gray iron castings. Ring 
wheels should be rather harder than solid wheels for the same 
dass of work. 

To secure a fine finish on small brass nuts or similar work, a 
carborundiun wheel of 36 to 60 grain, grade M, will be found 
.satisfactory. 
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Abrasives and bonding processes, 212 
Abrasives, for disk grinding, 328 

for grinding wheels, 216-222 
Adamite, 217 
Allowances for cylinder grinding, 174 

for disk grinding, 330 

for external cylindrical grinding, 17 

for internal grinding, 137 
Alowalt, 217 
Aloxite, 217 

Aluminum, grain and grade of wheeb 
for cylindrical grinding, 234 

grain and grade of wheels for internal 
grinding, 239 

grain and grade of wheels for surface 
grinding, 242, 243 
Alundum, 217 

Angular wheel-truing devices, 264 
Arbors for grinding operations, 277-281 
Arc of contact, effect of, on wheel selec- 
tion, 231 
Attachments, for cam grinding, 314-317 

for wheel truing, 258-273 
Automatic cross-feed for cylindrical 
grinder, 5, 74 

Back-rests, for grinding, 33 

number and location of, 44 

spotting work for, 48 

work-shoes, 46 
Ball-bearing races, grinding, 148-152 
Bath multiple-key shaft grinding ma- 
chine, 120 
Bell-mouthed holes, cause of, 147 
Besly single-spindle disk grinder, 323, 

324 
Bevel gears, chucks for holding, 288-293 



Blanchard vertical surface grinding 
machine, 200 
grade and grain of wheeb used on, 
244-246 
Bonding processes, celluloid, 228 
elastic, 227 
oil, 228 
silicate, 226 
vitrified, 222 
vulcanite, 228 
Boro-carbone, 218 

Brass, grain and grade of wheeb for 
cylindrical grinding, 234 
grain and grade of wheeb for internal 

grinding, 239 
grain and grade of wheeb for surface 
grinding, 242, 243 
Brown & Sharpe cylinder grinding 

machine, 166 
Brown & Sharpe feeding mechanbm for 

form grinding, 93 
Brown & Sharpe universal cylindrical 

grinder, 3 
Bryant chucking grinder, 129 
Burning vitrified wheeb, 224 
Bushings, holding for internal grinding, 

134 

Calender roll grinding, 84 

Cam grinding, 313-322 
fixture for testing accuracy of, 319 
grain and grade of wheeb for, 318 
types of steadyrests for, 316 

Cam grinding attachments, 314-317 

Cams, master, method of grinding, 320 

Carbide of silicon, 218 

Carbo-alumina, 218 
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Carbolite, 3i8 
Carboloiii 219 
Carborundum, 219 
Carbowalt, 219 

Cast iron, grain and grade of wheels for 
cylindrical grinding, 234 
grain and grade of wheels for internal 

grinding, 239 
grain and grade of wheels for surface 
grinding, 242, 243 
Celluloid, vulcanite, and oil bonding 

processes, 228 
Centers, different forms for grinding 

machines, 274 
Centers of grinding machine, truing, 

81 
Chart, instruction and record for grind- 
ing, 70 
Chatter, causes and methods of prevent- 
ing, 30 
Chucks, end-damping type for thin 
work, 284 
for holding bevel gears, 288-293 
for holding spur gears, 286 
for internal grinding machines, 283 
magnetic, for grinding machines, 297- 

303 
quadruplex rotary magnetic, 200 

Chucking bushings for internal grind- 
ing, 134 

Combination plain and rigid steady- 
rest, 41 

Continuous-reading caliper for Blan- 
chard surface grinder, 204 

Co'rex, 219 

Corowalt, 219 

Corundum, 220 

Crankshaft grinding, 304-313 
wheels recommended for, 311 

Crankshaft grinding machine, Landis, 

30s 
wheel-spadng attachments, 306, 307 

Crankshaft grinding methods, 307 
Crowned pulleys, form grinding, 122 

wheel-truing attachment for, 269 
Crystolon, 220 

Cut, depth of, for cylindrical grinding, 
30 



Cylinder grinding, i6z 

allowances for, 174 

causes of inaccurate work, 177 

fixtures for, 178 

selecting wheeb for, 168 

spindle rotation and woric-feeds, 173 

temperature of work, 175 

wet and dry methods, 176 
Cylinder grinding machine, Brown & 
Sharpe, 166 

Heald, 163 

method of operating, 170 

wheel-truing attachments, 264 
Cylinders, regrinding worn, 179 
Cylindrical grinding, allowances for, 17 

different methods of, 13 

grades of wheels for, 234, 235 

lubricants used for, 49 

miscellaneous examples of, 53-70 

preparation of work for, 20 
Cylindrical grinding machine, automatic 
cross-feed for, 5, 74 

Brown & Shaipe universal, 3 

Landis plain type, 72 

Norton plain type, 76 
Cylindrical grinding process, i 
Cylindrical holes, testing accuracy of, 

135 

Depth of cut for cylindrical grinding, 30 

Detachable cam grinding attachment, 

314 
Diamond motor-driven face grinding 

machine, 193 
Diamond tool, position for truing plain 

wheel, 255 
Diamonds, for truing grinding wheds, 

251 
kinds used for whed truing, 251 

methods of setting in holders, 252 

Disk grinder, attaching abrasive disks, 

333 
Disk grinding, 323-338 
abrasives for, 328 
allowances for, 330 
by rotary method, 334 
feeding pressure for, 332 
speeds for, 331 
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Disk grinding machines, types of, 323- 

Disk grinding soft metals, 334 
Disks, abrasive, method of gluing to 
wheel, 333 

Elastic grinding wheels, 327 

Emery, 221 

End-damping chucks, 284 
End-damping mandrels for bushings, 

278 
Examples, of crankshaft grinding, 307- 

3" 
of fixed-wheel grinding, 64 

of form grinding, 96-124 

of internal grinding, 148-160 

of plain cylindrical grinding, 53 

of step-in grinding, 59 

of surface grinding, 206-211 

Expanding mandrel for ball-bearing, 

race, 280 

Face grinding machine, horizontal, 193 
Feed of wheel for form grinding, 92 
Feed of whed or work laterally for cylin- 
drical grinding, 12 
Feed of work for cylinder grinding, 172 
Feeds and speeds for surface grinding, 

188 
Feeding mechanism, for cylindrical 
grinding machine, 5, 74 

for form grinding, 93 
Feeding pressure for disk grinding, 332 
Fixed-whed grinding, examples of, 64 
Fixed-whed grinding method, 15 
Fixtures, for cylinder grinding, 178 

for holding parts to be ground, 274- 

303 
Follow tjrpe of steadyrest, 43 

Form grinding, 89 

advantages and limitations of, 90 

examples illustrating advantages, 106 

grades of wheels for, 237 

miscellaneous examples of, 96-124 

multiple diameter work, 93 

rate of in-feed of wheel, 92 

work speeds for, 91 
Form grinding crowned pulleys, 122 



Form grinding splined shafts, 119 
Formed grinding whed truing devices, 

266 
Formed wheel, attachment for truing 

on surface grinder, 271 

Gardner vertical-spindle disk grinder, 

324* 325 
Gears, methods of chucking for in- 
ternal grinding, 285 
Glazed and loaded grinding wheeb, 

249 
Grade and grain of wheels for Blanchard 

vertical grinder, 244-246 
Grade of grinding wheels, 212 
for cylindrical grinding, 234, 235 
for form grinding, 237 
for internal grinding, 238, 239 
for surface grinding, 240-247 
method of determining, 213 
Grading systems of wheel manufactur- 
ers, 214, 215 
Grain and grade of wheeb for cylindri- 
cal grinding, 234 
for form grinding, 237 
for internal grinding, 238 
for surface grinding, 240-247 
Grain of a grinding wheel, 216 

determining for a given operation, 233 
Grinding machine. Brown & Sharpe 
cylinder, 166 
Brown & Sharpe universal, 3 
difference between plain and uni- 
versal, 72 
disk, 323-325 
for crankshafts, 304-307 
for roll grinding, 82-88 
Heald cylinder, 163 
internal, 126-130 
Landis plain, 72 
Norton plain, 76 
surface, 190-201 

Van Norman radial ball-race, 148 
Grinding whed abrasives, 216 
Grinding whed bonding processes, 221 
Grinding whed grading systems, 214, 

215 
Grinding-wheel truing devices, 249 
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Grinding wheels, glazed and loaded, 249 
mounting on Blanchard surface 

grinder, 201 
points on selection summarized, 247 
selecting, 230 
width for cylindrical grinding, 21 

Heald cylinder grinding machine, 163 
Heald internal grinding machine, 127 
Hydraulic method of molding wheeb, 
224 

Instruction and record chart, 70 
Integral cam grinding attachment, 315 
Internal grinding, 125 
allowances for, 137 
grade and grain of wheels for, 238, 239 
miscellaneous examples of, 148-160 
rotation of wheel relative to work, 136 
wet versus dry methods, 146 
wheel and work speeds for, 140 
work-holding devices for, 282 
Internal grinding machines, 126 
Internal grinding-wheel spindles, 131 

Key-seated or slotted holes, grinding, 
15s 

Landis crankshaft grinding machine, 

305 
Landis detachable cam grinding at- 
tachment, 314 
Landis plain grinding machine, 72 
Loaded and glazed grinding wheels, 249 
Lobdell calender roll grinder, 84 
Lubricants for cylindrical grinding, 49 

Macadamite grinding, cast, 62 
Magnetic chucks, 297-303 
quadruplex rotary, 200 
Malleable iron, grain and grade of 
wheeb for surface grinding, 242, 243 
Mandrels, end-damping, for bushings, 
278 
expanding type for ball-bearing races, 

280 
for grinding operations, 277-281 
Master cams, method of originating, 320 



Molding vitrified wheds, 223 

Mounting wheels on Blanchard surface 
grinder, 201 

Multiple diameter grinding, 93 

Multiple-diameter wheel-truing attach- 
ment, 258 

Non-magnetic work, holding for surface 
grinding, 187 

Norton cylindrical grinding nyirhine, 76 

Norton index crank for multiple-diam- 
eter wheel truing, 258 

Norton integral cam grinding attach- 
ment, 315 

Norton open-side surface grinding ma- 
chine, 191 

Norton roll-grinding machine, 82 

Nozzles for grinding lubricants, 51 

Oil, vulcanite, and celluloid bonding 

processes, 228 
Open-side surface grinding machine, 191 
Oxaluma, 221 

I^ton, gas engine, fixture for grinding 
wrist-pin holes, 294 
gas engine, holding for external grind- 
ing, 276 

Plain and universal grinding machines, 
difference between, 72 

Planer type of surface grinding machine, 
207 

Pratt & Whitney vertical surface 
grinder, 198 

Pulleys, form grinding crowned, 122 

Quadruplex rotary magnetic chuck, 
200 

Races for ball bearings, grinding, 148- 

Radius wheel-truing devices, 260-262 
Record and instruction chart, 70 
Rex, 221 

Rifle barrel grinding, no 
Ring wheel grinder, 336 
grain and grade of wheels for, 338 
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Rivett internal grinding madune, 128 
Roll grinding, calender, 84 
Roll-grinding machine, Norton, 82 
Rotary disk and surface grinder, 196 
Rotary disk grinding, 334 
Rotary magnetic chucks, 301 

Selection of wheels, for cylinder grind- 
ing, 168 

for cylindrical grinding, 235 

for form grinding, 237 

for internal grinding, 238 

for surface grinding, 241 
Shafts, grinding long slender, 55 
Shells, form grinding shrapnel, 116 
Shoes for steadyrests, 46 
Shoulder, grinding close to, 55 
Shrapnel shell grinding, 116 
Silicate bonding process, 226 
Slotted or key-seated holes, grinding. 

Spacing attachments on crankshaft 

grinders, 306, 307 
Sparks, estimating depth of cut by, 13 
Speed of wheel for crankshaft grinding, 

313 
Speeds, for disk grinding, 331 

for form grinding, 91 

for internal grinding, 140 

for surface grinding, 188 

of wheel and work for cylindrical 

grinding, 24 

Spindles, wheel, for internal grinding, 

131 
Splined shafts, form grinding, 119 

truing wheel for grinding, 272 
Spotting for steadyrest, 48 
Spur gears, chucks for holding, 286 
Straight-in or form grinding method, 16 
Steadyrests, for grinding, 33 

number and location of, 44 

spotting work for, 48 

types for cam grinding, 316 

work-shoes, 46 
Steel, grain and grade of wheels for 
cylindrical grinding, 234 

grain and grade of wheeb for form 
grinding, 237 



Sted, grain and grade of wheels for in- 
ternal grinding, 239 
grain and grade of wheels for surface 
grinding, 240 
Step-in grinding, examples of, 59 
Step-in grinding method, 16 
Surface grinding, grain and grade of 
wheels for, 240-247 
holding non-magnetic work, 187 
use of cooling water, 183 
warping of thin work, 184 
Surface grinding machine, Blanchard 
vertical, 200 
fixtures for vertical-spindle rotary 

type, 29s, 296 
horizontal face type, 193 
miscellaneous examples of, 206-211 
Norton open-side t3rpe, 191 
planer type of, 207 
Pratt & Whitney vertical, 198 
reciprocating type, 190 
Walker rotary disk type, 196 
Walker vertical-spindle, 194 
Surface grinding methods, 180 

1 amped process of molding, 225 

Taper grinding, 77 

Traverse grinding, 14 

Truing angular surfaces, 264 

Truing devices for grinding wheels, 249 

Truing face and side of a plain wheel, 

255 
Truing formed wheels, 266 

Truing grinding machine centers, 81 

Truing radial surfaces on wheel, 260 

Universal and plain grinding machines, 

difference between, 72 
Universal cylindrical grinding machine, 3 
Universal head, use of, 79 
Universal steadyrest, 35 

Van Norman radial ball-race grinding 

machine, 148 
Vertical surface grinding machine, 
Blanchard, 200 
Pratt & Whitney, 198 
Walker, 194 
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Vitrified bonding process, 322 
Vulcanite, ceUnloidi and oil bonding 
processes, 228 

iValker rotary disk and surface grinder, 

196 
Walker surface grinder of reciprocating 

type, 190 
Walker vertical-spindle surface grinder, 

194 
Warping of thin work when surface 

grinding, 184 
Wheel abrasives and bonding processes, 

212 
Wheel and work speeds, for cylindrical 
grinding, 24 
for internal grinding, 140 
for surface grinding, 188 
Wheel rotation relative to work for in- 
ternal grinding, 136 
Wheel selection, for cam grinding, 318 
for crankshaft grinding, 311 
for cylinder grinding, 168 
for cylindrical grinding, 235 
for form grinding, 237 
for internal grinding, 238 
for surface grinding, 241 
Wheel speeds, for crankshaft grinding, 

313 
for cylindrical grinding, 24 

for internal grinding, 140 

lor surface grinding, 188 



Whed-spindles for internal grinding, 

131 
Wheel truing, diamonds used for, 251 

position of diamond for truing plain 
wheel, 25s 
Wheel-truing attachment, angular type, 
264 
for cylinder grinder, 264 
for formed wheeb, 266 
for grinding crowned pulleys, 269 
for grinding splined shafts, 272 
for Landis crank grinder, 257 
for multiple diameters, 258 
for surface grinder, 268 
radial type, 260-262 
Wheel width, for cylindrical grinding, 
21 
for internal grinding, 144 
Width of wheel, for cylindrical grind* 
ing, 21 
for internal grinding, 144 
Wilmarth & Morman surface grinder 

wheel-truing attachment, 268 
Work and wheel speeds, for cylindrical 
grinding, 24 
for internal grinding, 140 
for surface grinding, 188 
Work-holding devices for grinding ma- 
chines, 274-303 
Work-rests, for grinding, 33 

number and location of, 44 
Work-shoes for steadyrests, 46 



